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CHAPTER I 
INTRODUCTION 
1 . GENERAL OUTLINE 
1 
The Mowbray catchment is the most south-westerly part 
of the Orari river watershed and lies to the north of the 
western end of the Four Peaks Range (see Figure 1) . Access 
into the area is by way of the Clayton road from Fairlie . 
This road crosses Tripp Saddle (2300 ' a . s . l . ) and ends at 
Lochaber station on the banks of the Orari river just down-
stream from the confluences of the Phantom , Hewson and 
Orari rivers. (Figure 5) . 
1 
Acland (1930) has indicated that this area was the junction 
of three of the very early South Canterbury stations , Clayton , 
Mt Fourpeaks and Orari Gorge . The boundary between Orari Gorge 
and Mt Fourpeaks (which it seems was included in t he original 
lease to Tripp in 1955 - Acland p . 135) was in part the 
Meikleburn stream (then spelt Mickleburn). The Mt Fourpeaks -
Clayton boundary ran in a straight line between the Meikleburn 
and Orari and crossed the western watershed just south of 
Tripp Pass . Harper (1967) does not agree completely with 
Acland and on her map of the early Orari Gor ge station shows 
the north-western boundary of the station cutting the Mowbray 
catchment almost into two even sectors, one to the north of 
Lucas ' s Hill and the other to the south of this line . Today , 
1 
The region studied incorporated the Mowbray and Meikleburn 
catchments of the Orari river (S . C. & R. C. Council , 1956) . 
Herein the terms Mowbray catchment , ... region , ... area , are 
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the area surveyed is the junction of six properties, the 
central core being the Meikleburn Station of Mr I . H. Beattie . 
Part of the area covered by the Mt Fourpeaks station is still 
held as Four Peaks but a large area has been incorporated as 
3 
Mt Mowbray and another part has been acquired by Clayton Station. 
Orari Gorge relinquished parts of its holding in the area to 
Meikleburn and Blue Mountain Stations and while the original 
Clayton - Orari Gorge boundary sti ll exists the area once 
occupied by Clayton in the valley is now in the possession of 
Mr Brian Beattie, under the name of Dry Creek Station . 
2. REASONS FOR STUDYING THE MOWBRAY AREA 
An area had to be found which conformed with the require-
ments of both Soil Bureau and Lincoln College . It had been 
previously agreed that the project should involve the morphology 
and genesis of some steepland and related soils. The Mowbray 
area was finally selected because: 
(i) it was small without being too smal l, and had 
clearly defined boundaries; 
(ii) a range of soil forming environments appeared to 
be present. An anticipated rainfall of between 25 " and 40" , 
an altitude range from 1800' to 5500' above sea level and the 
terrain variability were the major contributing factors ; 
(iii) earlier surveys had shown that a transition from 
yellow-grey earths on steeplands t o yellow-br own earths on 
steeplands occurred in this area . It was felt that a detailed 
investigation could do much to elucidate the relationships 
between such soils (figure 2) . 
(iv) in 1945 the then owner of the land (the late 
Mr J . Beattie) had queried the assessment of the degree of 
erosion occurring in this and adjacent parts of the Orari 
catchment, as shown by Gibbs et al (1945) . A re- investigation 
of the soils in the area (Cutler pers comm.) confirmed that 
the erosion classification, as applied in this region, was of 
an adequate standard for small scale maps such as those 
prepared by Gibbs et al (1945) . A resurvey could then provide 
a basis for comparative revegetation studies . 
(v) finally, and of probably some importance in such 
studies of short duration, the area was known to the writer 
thus eliminating an initial familiarisation process often 
necessary when entering a region for the first time . 
4 
CHAPTER II 
REVIEW OF LITERATURE 
1. INTRODUCTION 
Had this project been merely a mapping exercise it would 
have been a relatively simple matter to review the literature 
r elating to the various soils found in the Mowbray area. The 
production of a soil map , however, has been but one facet of 
the whole exercise. Attempts have been made to assess the 
degree and intensity of weathering experienced by the soils; 
the influences and history affecting the genesis of the soils; 
the relationships between soils, landforms and surfaces of soil 
formation; the relationships between soil series and the range 
of variability likely to be encountered, at various levels of 
detail, within the mapping units employed. 
5 
Because of the wide spectrum of subjects covered; ranging 
from survey techniques, through correlations of mapping units 
with established series , assessment of degrees of erosion to 
soil chemistry and soil clay mineralogy ; it has been decided to 
restrict this review to a few salient topics. Relevant 
references are cited in the body of the text and pertinent 
discussions on conclusions reached by these authors are recorded 
in the appropriate place. 
It was considered advisable to construct the text in this 
way to: 
(a) afford a more logical development of discussion in 
the relevant in-text place e . g. all previous work carried 
out on each soil series is discussed under the heading of that 
soil series where it may be easily contrasted with observations 
made during this project. 
a • 
(b) ancillary chemical, mineralogical, geological etc. 
data was based on techniques developed by other workers. The 
greater or lesser benefits of using other techniques were 
not investigated and consequently it was felt that no satis-
factory conclusions could be drawn about the validity of such 
techniques. 
6 
(c) to critically r e view New Zealand and pertinent World 
literature covering a wide range of topics, such as weathering , 
leaching, pedogenesis, soil fertility, soil physical charac-
teristics, factors of soil erosion, soil classification, 
geomorphology and landscape genesis, climatic and vegetational 
successions and Quarternary events; would have unnecessarily 
prolonged the study and the production and content of this thesis. 
As a result, only that literature which is particularly 
relevant to the pedology and genesis of soils similar to those 
in the Mowbray area, and that which covers the basic survey 
techniques will be discussed . Particular emphasis is placed 
on New Zealand pedological conditions and conclusions. Overseas 
literature is only cited whe re it is felt necessary to illustrate 
techniques or studies which have restricted vogue in New Zealand. 
2. PREVIOUS SURVEYS COVERING THE MOWBRAY CATCHMENT 
The first recorded inventory of the soils of this reg ion 
was carrie d out by Gibbs et al (1945). They mapped Kaikoura 
loams over the whole area wi th the rolling and flat phase of 
this soil covering the parts of the area of lower elevation . 
(Fig 2) Their maps were constructed at a scale of eight miles 
to the inch. 
During the comprehensive investigation of the soil resources 
of the South Island (Soil Bureau Staff 1968a) the soils of the 
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four miles to one inch showed Tengawai and Kaikoura soils on 
the hilly and steep lands and Ashwick and Tai Tapu soils on 
fans and terraces (Fig 2) . An examination o f the field sheet 
used during this survey (Soil Bureau Records) does little to 
elaborate on the quoted groupings. 
3. PREVIOUS DETAILED SOIL SURVEYS IN NEW ZEALAND 
Detailed surveys have been defined by Taylor and Pohlen 
(1962) as " ... mostly for maps on the scale of 40 chains to an 
inch (1:31680), delineate soil types and land-use phases and 
show the soil pattern in relation to farm boundaries and sub-
divisional fences". The Soil Survey Staff (1951) believe that 
soil types and phases should be mapped, on such surveys, in 
order to show all boundaries between mapping units, including 
areas of one unit within another. Soil types, and phases and 
variants of types are the mapping units employed on detailed 
8 
soil maps, but both groups of authors agree that in some in s tances , 
due to t he intricate pattern of soils, it is more appropriate to 
utilise well-defined soil complexes rather than vast numbers of 
individual taxonomic units of small areal extent. 
The results of the first detailed soil surveys carried out 
in New Zealand appeared in pre-war times . The soils of the 
Heretaunga Plains (Hawkes Bay) were identified initially as soil 
serie~ and were differentiated into types, phases and type 
variants based on parent mat erial differences. The maps accom-
panying this report (D.S.I.R. 1939a) were produced at a scale of 
30 chains to the inch. Waipa county (near Hamilton) was mapped 
in part pedologically at a scale of 40 chains to the inch and 
the soils were identified as series and differentiat ed on a type 
basis. Higher levels of classification were those proposed by 
Grange as outlined by Gibbs in N.Z. Society of Soil Science (1966). 
9 
Cutler et al (1957) carried out what was probably the first 
published detailed soil survey in the South Island. Their map , 
at 40 chains to the inch, showed 19 soil types , six phases of 
types and two soil complexes . By way of a table they attempted 
to show the genetic relationships between soil series . Cowie 
and Smith (1958) mapped several types and phases and also used a 
table to show the physiography/soils relationships, a rough 
approximation of soil genesis. 
Mccraw (1964) in text, as did Cutler et al and Cowie and 
Smith, discussed the soils of the Alexandra district on a physio-
graphic basis . He mapped soil types and topographic phases of 
types . A short account attempted to elucidate the role of soluble 
salts in the formation of the soils of that area. Ward et al 
(1964) discussed soil types and drainage phases on a physiographic 
basis and attempted to show sequences of soil development by 
tabular presentation. Cowie and Hall (1965) and Cowie and Money 
(1965) mapped soil types and depth phases of types. The latter 
pair varied from the normal intext soil descriptions, and dis-
cussed soils according to the "corrunon genetic classification" of 
Taylor (1948) . 
Both pedologic and physiographic groupings were used by 
Mccraw (1966) in discussing the soils of the Ida Valley which 
were mapped in terms of types and topographic phases. Notes on 
the genesis of the soils were appended to this report. Fitzgerald 
(1966) separated phases on the basis of topography, salinity and 
drainage when discussing the physiographic groupings of soils of 
Heathcote County . Leamy and Saunders (1967) separated topographic 
and bouldery phases among their soil types which were grouped 
together physiographically. They included a chapter on soil 
genesis where they discussed soil formation in relation to the 
soil forming factors (Jenny, 1941) and polygenesis. 
10 
Cox et al (in press) went to some lengths to elucidate the 
genesis of the soils of Paparua County which were grouped on a 
physiographic basis . Phases of soil types were separated on the 
basis of depth of solum and morphological variations. The dis-
cussion on genesis revolved particularly around the events of the 
later Quarternary, the Aranuian stage of the Hawera series 
(Suggate, 1961, 1965; Suggate and West, 1967) . 
It would seem therefore, that detailed soil surveys should 
be carried out with three basic aims in view: 
(a) soils should be mapped at the lowest practical level 
of interpretation, phases being used to subdivide soil types 
exhibiting variations over wide areas, and complexes should be 
employed where a more logical presentation of a complicated pattern 
is required; 
(b) wherever possible notes on the genesis of the soils 
should be prepared, and arguments leading to genetic conclusions 
should be presented in order to logically explain the historical 
and morphological inter-relationships between soils; and 
(c) finally, as detailed surveys are principally aimed 
towards the soil user, it is essential that a logical , easy to 
understand system of soil groupings is employed when discussing 
mapped soils. 
In mapping the soils of the Mowbray catchment , soils have 
been shown as types and topographic, stony and eroded phases of 
types. Soil complexes have been shown on the map but their com-
ponent parts have been indicated by symbols rather than assigning 
separate names as has been done by Mccraw (1964) , Cowie and Money 
(1965) , Raeside et al (1966) . Soils are arranged and extensively 
discussed on a physiographic basis. They have also been grouped 
pedologically and are in addition discussed according to the com-
mon genetic classification (Taylor, 1948) and technical genetic 
c l assification (Pohlen, 1962). 
4. LITERATURE CONNECTED WITH THE MORPHOLOGY OR SOME ASPECT 
OF PEDOGENESIS OF HIGH COUNTRY SOILS 
(a) Comprehensive soil surveys 
Apart from the two broad soil surveys mentioned above 
(Gibbs et al, 1945 and Soil Bureau Staff , 1968a) very little 
investigation of the pedology of High Country Soils has been 
carried out. Gibbs and Beggs (1953), however, have mapped large 
areas of the High Country of Awatere, Kaikoura and Marlborough 
Counties on a reconnaissance basis . 
11 
On general soil maps of New Zealand (Taylor, 1948 and 
McLintock etc. 1959) high country soils have been delimited but 
very little has been said about their morphology . Soil Bureau 
Staff (1968b) , however, have outlined the nature of soils similar 
to those found in the Mowbray area and brief notes on the genesis 
of soils are included. In addition , in that publication detailed 
chemistry, mineralogy and engineering characteristics are listed 
for two of the soils; the Puketeraki and Taitapu series; which 
are also found in the Mowbray area. 
Vucetich (1968) in his broad outline of the soils of 
Canterbury has attempted to relate, on a developmental basis, the 
soils of various environmental zones. He has pointed out that 
the Puketeraki series are a common rolling terrain associate 
with the Kaikoura steep land soils in the sub-alpine zone of the 
province .Kirklistonsoils are also found in this zone but are 
more characteristic of drier environments. At lower e l evations 
but within the same sequence are the Tekoa steep land soils which 
may occur under beech forest or tussock grassland. The importance 
of erosion and drift in the formation of these soil s is briefly 
discussed. Opuha and Kakahu series are considered to fo:rm the 
moister end of a climatic sequence of downland soils derived 
from loess and the occurrence of the Gley Recent Taitapu series 
on flood plains is outlined . 
(b) Investigations into morphology and morphogenesis of soils 
similar to those found in the Mowbray catchment 
Table 2 outlines the sources of information which discuss 
some aspect of those soils similar to the series found in the 
Mowbray area. Relevant discussion on pre vious investigations is 
included with the section on each soil later in this thesis . It 
is perhaps pertinent, however, to summarise briefly the nature 
and extent of these previous investigations. 
12 
Raeside and Baumgart (1947) discussed the extent of erosion 
of loess derived soils on the Geraldine Downs . The Opuha silt 
loam was considered to be one of a sequence of three soils 
occurring on these Downs and a typical profile was given. They 
came to no firm conclusion regarding susceptibility to erosion of 
the three soils investigated. They did, however , arrive at some 
fundamental obse rvations connected with factors influencing sheet 
and wind erosion. Gibbs and Beggs (1953), as indicated above, 
mapped large areas of high country soils. They separated the 
Tasman, Tekoa and Kaikoura soils, noting the occurrence of one 
type within the Kaikoura loams. 
Raeside et al (1959) and Kear et al (1967) gave represen-
tative profiles, from adjacent areas , of many types which also 
occur in the Mowbray catchment . Sherwood , Opuha, Tengawai , 
Wakanui, Skipton, Ashwick and Taitapu soils were described by 
either or both groups of authors. Kear et al did little to 
explain the influences of the soil forming processes in the for-
mation of these soils. Raeside et al, however, in their earlier 
presentation, did note the importance of loess and erosion in 
the formation and differentiation of the soils on the 
Geraldine Downs . 
Numerous other authors , Cox and Mead (1963), Fox et al 
(1964) , Ward et al (1964) , Fitzgerald (1966) discussed the 
morphology of soils similar to those occurring in the Mowbray 
area. Cox and Mead (1963) in particular contributed greatly to 
the understanding of the processes and sequences of soil for-
mation on the lower Canterbury Plains and attempts have been 
made to relate their conclusions to soil forming events in the 
Mowbray catclunent . 
13 
Barker (1955), Wraight (1963), Molloy (1964), and to a very 
limited extent Connor (1964) attempted to relate vegetation 
changes to prese nt soils or palaeosols. Changes noted by 
Barker between short t ussock and tall tussock grassland , and 
related to changes from Hurunui to Kaikoura soils are probabl y 
not as significant as she thought in the light of her own state-
ment (p. 51) on the mobility of the boundary between the two 
grasslands . Recent work by Connor (1964) also casts doubts on 
the significance of such correlations. Due to the broad scale 
of mapping in the Wairau catchment (by Gibbs and Beggs, 1953) 
Wraight was unable to establish any correlation between 
vegetation and soils. 
Molloy on the other hand , on the basis of charcoal exami-
nation, was able to show good correlation between the past 
vegetational history of the Porters Pass area and the distribution 
of Palaeosols. As a result of his investigations Molloy was able 
to establish a clear picture of the sequence of soil formation in 
the sub-alpine and alpine zones of his study area. He considered 
that the soils in the sub-alpine zone under Dracophyllum scrub 
and tall tussock grassland, and laterally under hard beech 
forest, were Tekoa steepland soils. Those under alpine tall-
tussock and herbfield vegetation on leeward slopes at higher 
elevations were Kaikoura steep land soils. 
Molloy was quick to point out the amount of modification 
to these soils caused by mass movement following Polynesian 
burnings and again in times of European occupation. Mccraw 
(1962) also pointed out the significance of drift in the for-
mation of soils on steep slopes, although he attributed the 
14 
build-up of this material solely to climatic variations. Molloy 
(p. 159) also emphasised the importance of wind in the formation 
of soils, noted particularly by Raeside (1956 and 1964), even at 
high altitud= on steep slopes. 
The morphology and genesis of some soils similar to those 
found in the Mowbray area were discussed in a number of symposia 
organised by the New Zealand Society of Soil Science (compiled 
into Soil Groups of New Zealand 1966). The formation of yellow-
grey earths in the South Island was outlined by Raeside, and 
Miller presented detailed chemistry of some yellow-grey earths 
including the Opuha silt loam. The significance of the soil 
forming factors in the formation of skeletal soils was discussed 
by Cutler. Vucetich wrote comprehensively on the morphological 
range and genesis of the Kaikoura steep land soils, and Blakemore 
presented analyses from two Kaikoura soils. Pullar discussed the 
formation of recent soils in this presentation, Cox recorded a 
profile of the Tasman sandy loam and Blakemore and Cox both out-
lined the chemistry of this serie s. 
(c} Studies on particular aspects of the fonnation of 
high country and related soils 
As early as 1932 the importance of climate as a differen-
tiating factor in the classification of New Zealand soils was 
recognised. (Pohlen, 1962). It was not until Taylor (1948) 
established the early common genetic classification of 
New Zealand soils that the full sig.nif icance of climate was 
appreciated as the principal factor differentiating the zonal 
soils of the country. 
15 
Hurst (1951) examined the climate at a number of yellow-
grey earth and yellow-brown earth stations and attempted, on 
the basis of a number of climatic indices, to define the 
climatic conditions characterising these zones. She concluded 
in favour of Thornthwaites "rational" classification . More 
recently her work has been extended by Miller (in Soil Groups 
of N.Z.) and Cox (in Soil Bureau Staff, 1968b). Raeside (1948, 
1956 and 1964), Cox and Mead (1963), Molloy (1964) have placed 
greater emphasis on the nature of past climates , considering 
that many soils in fact owe the greater part of the morphology 
to conditions which existed in the immediate past and which 
differ from those measured today. 
Archer (1969) has attempted to show th: influence of aspect 
in modifying the effects of climate and vegetation on the 
development of sub-alpine and alpine soils. Barker (1951) also 
appreciated the influence of aspect noting" ... conditions at 
a given point on a southerly slope are equivalent to those at 
a higher elevation on an opposite northern slope". Sheltered 
aspects retain snow longer and have less evapotranspiration , 
due to a shorter period of exposure to direct insolation , 
16 
than equivalent exposed slopes, but are also sheltered from 
the dessicating effects of the northwest wind . Due to such 
temperature differences, and despite the higher moisture con-
ditions on sheltered aspects, the high country soils on these 
aspects are not usually weathered to the same extent as the 
deeper (only slightly eroded) soils on exposed aspects at the 
s ame level. Erosion , mass movement , preferential grazing (and 
burning) are all factors, however, which tend to complicate 
this pattern. Archer (pers comm) has also considered the 
effects of annual snow cover and the development of soils which 
have recently been freed of permanent snow and ice . In the 
light of recent work by Stepanov (1962) such studies will help 
to illuminate processes operative in the early stages of for-
mation of high country soils at the end of the glacial period , 
and in areas which have recently been exposed to weathering 
and leaching following the retreat of permanent snow and ice. 
Taylor in proposing his genetic classification of soils 
placed great emphasis on the processes of soil forillation , which 
he grouped under the headings: A. Soil Wasting; B. The Organic 
Cycle, and c. The Inorganic Cycle . There seems to be a shortage 
of co~prehensive work on t he integrated effects of all soil 
forming processes but various aspects , with particular reference 
to high country and related soils, have been investigated in 
detail. 
Extensive studies on the biology of tussock grassland soils 
have been carried out over a nQ~ber of years . This subject is 
outside the scope of this thesis but it is of significance to 
note that one of the soils studied was the Tekoa s t eep land 
soil (Thornton , 1958 ) . In discussing the problems associated 
with the regeneration of the snow-tussock grassland the 
Tussock Grassland Research Committee (1954) established in 
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some detail the physical nature of the Kaikoura soils . The 
effects of frost and subsequent erosion in relation to surface 
expression, texture, structure and soil stability were par-
ticularly discussed. 
As a follow-up to these investigations , Gradwell (1954, 
1955 and 1960) studied the effects of frost on the soils of 
depleted snow-tussock corrununities. Gradwell (1962) and 
McDonald (1961) examined the physical properties of high country 
soils derived from greywacke ro~k (including the Kaikoura 
steep land soils) . Their .cesul ts are significant for research 
into the re-establishment of grassla1ds on eroded hillsides 
in the high country and also serve as a basis for characterising 
erodibility of soils in terms of soil physical properties. 
Soil erosion studies, particularly on high co~ntry soils 
were undertaken by Gibbs et al (1945). More detailed studies, 
such as that of Hayward (1969) are required to accurately assess 
the rate of loss of soil from the high country and the mecha-
nisms of erosion in relation to soil characteristics. Detailed 
work on erosion of the downlands, Gibbs (1945), Raeside and 
Baumgart (1947) and Packard and Raeside (1952) has indicated 
that erosion can also be a problem on deeper soils of drier 
environments.Such studies have also helped to accentuate the 
importance of wind erosion. Soons (1968) has recorded the 
importance of frost in the preparation of S·...lrface soils for 
erosion by wind in the high country. She also believes that 
surface runoff is a principal agent of erosion on the loess 
covered downlands. 
The problem of instability in New Zealanj steepland sail.s 
has been outlined by Gibbs (1962) . Cutler (1962) on the other 
hand noted that in many areas stability exists among steep land 
soils 
but accepted that large 
acreages of such 
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soils were inherently unstable. His belief that greater 
investigations into the soil-plant-animal problem could provide 
bases for overcoming the instability problem has been pursued , 
in part , in this project . Mccraw (1959 , 1965, 1968) in 
accepting the problem of instability has contributed greatly 
to the understandi ng of the processes causing instability and 
the soils landscapes resulting from such instability . Cutler 
(1955) conside r ed the pro~lem of instability on soils derived 
from loess in a different light, notin9 distinct differ2nces 
between soils where loess was accumulating and regions of non-
accumulatio'.1 , and sugg·~sted that soils where rates of accumula-
tion and depletion are equal would De the most mature soils in 
any landscape. 
In his studies using sweet vernal to assess the availability 
of elements in a ran9e of New Zealand soils, Wells (1956a, b) 
and Wells and Saunders (1960) included the profile from the 
Opuha soils and two Kaikoura profiles in the study . These are 
particularly important in providing d:;i.ta on the phosphorus 
status of these soils which can be compared with the results 
obtained from the phosphorus fractionation of similar soils 
from the Mowbray area. McFadden (1969) has recorded infor-
mation on the response of clover to phosphate application on 
Tasman and Kakah '.1 soils from the upper Rangitata area , a.:i.d 
this also provides useful comparisons with the similar soils 
in the Mowbray catchment. 
5 . RECENT ADVANCES IN CHEMICAL AND MINERALOGICAL ASPECTS 
OF SOIL FOR.t'1ATION IN NEW ZEALAND 
{a) Chemistry and soil fonna tion 
The general nature of the chemistry of t he soil groups of 
New Zealand (according to the common genetic classification of 
Taylor, 1948) and the detailed chemistry of Soil Bureau 
reference sites have been discussed by the Soil Bureau Staff 
(1968b) . Determinative me thods employed have been detailed 
by Metson (1960, 1961). Of significance during the present 
study are the results of Metson and Blakemore (in Soil Survey 
Staff, 1968b) who indicate that the yellow-grey earths have 
medium CEC usually rising in the B horizon, which has the 
highest levels of expanding micaceous clays in the profile. 
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Base saturations of th e s e soils do not decrease down the profile 
as markedly as those of yellow-brown earths . Rising exchange-
able Mg and Na down the profile has been noted as a pallic 
(yellow-grey) characteristic which is, however, not a feature 
of shallow and stony soils related to yellow-grey earths. They 
also consider that the low levels of exchangeable bases in the 
lower horizons of high country yellow brown earths is indicative 
of greater leaching in these soils and note that in some cases 
rising CEC in subsoils of this group is due to clay illuviation . 
Metson, in that publication, has also noted that a decrease 
in exchangeable potassium with increasing depth is particularly 
marked in the weakly weathered but strongly leached soils (which 
includes the high country yellow-brown earths) , but soils with 
a pronounced fragipan or "claypan" sometimes show an increased 
exchangeable-K value in the deeper subsoils. 
Saunders (in the same volume) recorded that the total 
phosphorus values of the solum of weakly weathered zonal soils 
tended to be higher than those of the ir parent rocks. A similar 
conclusion was reached by Walker and Adams (1959) who concluded 
that phosphorus had been lost from the moderately and strongly 
weathered profiles but not from the weakly weathered profiles. 
Saunders also noted that the solum total - P value of the 
hygrous yellow-grey earths was lower than that of the (drier) 
sub-hygrous yellow-grey earths. The difference being due to 
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the very much lower P v a lue s of the B horizons of the hygrous 
profiles, probably resulting from a greater degree of enleaching. 
This abrupt decrease of total - P values from the A to B 
horizons was also considered to be a feature of the intergrade 
soils. However, amongst the high country yellow-brown earths 
the P content of the B horizons was often greater than that of 
the A horizons. 
Saunders noted that the ignition method (where the organic 
P is assumed to be the increase in acid-soluble phosphorus after 
the ignition of the soil) compared favourably with the alkaline 
extraction of organic phosphorus. Values for organic - P 
determined by the ignition method generally followed the same 
trends as the total solum - P values. 
Wells a nd Saun ders (1960) determined th e amount of inorganic 




and found on a single parent 




decreased with increasing 
degree of we athering . Saunders noted a similar trend for values 
of acid soluble P in the solum. The overall decrease being 
atributed to a compromise between a decrease in total amount of 





As a result of investigations into the fractionation of 
soil phosphorus in New Zealand Walker and Adams (1958, 1959) , 
Walker (1962, 1965), Stevens (1963) , Williams (1965), Syers 
(1966) and Shah et al (1968) and overseas (reviewed by Williams , 
1965), it was shown that transformations in phosphorus fractions 
in soils can be directly related to pedogenesis . The trans-
formations occurring can be grouped according to t he equation 
(Walker, 1965): 
Pt = Pa + Po + Pf 


















Pf = considered to be occluded -P and detennined 
by subtraction Pt - (Pa + Po) . 
The relationship of these fractions to those detennined by more 
detailed fractionation procedures has been shown by Williams 
(1965) and Shah et al (1968). However , there is no c e rtainty 
as to the precise forms of phosphorus present as Pa . Shah et al 
(1968) h a ve shown that Pa can be approximately equated with the 
sum of c a lcium bound - P (Ca - P) , and the non-occluded P 
(surface bound forms of Al -P and Fe - P) , noting , however , that 
soil deve lopment has a marked effect on this relationship . In 
particular, for , moderately and strongly weathered soils, 
Pa ~ < Ca-i + non- occluded P 
whereas for weakly weathered soils Pa will include both Ca-P and 
non-occluded P and even some of the occluded P . 
Work by Saunders (1965) on phosphate retention , by Blakemore 
(1969) on the relationship between Tamms extractable iron and 
a l umi nium and by Claridge (1962) on extractable iron, all have 
distinct pedogenic conotation, but as these methods have not 
been applied during this study it is only considered relevant to 
mention their work in passing. 
(b) Mineralogy and soil fonnation 
Detenninative methods in c l ay mineralogy have been applied 
# Ca-P does not include calcium bound phosphorus such as apatite 
which is included within the crystals of other minerals . 
22 
to New Zealand soils over the last decade and a half by Fieldes 
and Swindale (1954) , Fieldes and Williamson (1955) , Fieldes 
(1955), Fieldes et al (1956), Fieldes (1957), Furkert and 
Fieldes (1968) and Claridge (1969) . The results of these inves-
tigations have been correlated with the conunon genetic classi-
fication by Fieldes and Taylor (1961) and the emerging sequences 
of weathering and clay mineral genesis have been outlined by 
Fieldes (1962, 1968) and in Soil Bureau Staff (1968b), and by 
Furkert and Fieldes (1968) and Birrell and Fieldes in Soil 
Bureau Staff (1968b) 
The dominant crystalline clay minerals in the following 
New Zealand soils have been sununarised in Soil Bureau Staff 
(1968b) as: 
yellow-grey earths mainly illite with different amounts 
of clay -vermiculites, montmoril-
lonites and interlayered hydrous 
micas. 
yellow-grey earth to yellow-brown earth intergrades -
intermediate between above and below. 
high country yellow-brown earths (weakly weathered) - clay 
vermiculites and/or illite dominant 
with some montmorillonite and inter-
layered hydrous micas. 
The mineralogy of the sand fraction of New Zealand soils is 
less well known (Fieldes and Weatherhead 1966 and in Soil Bureau 
Staff, 1968b), but it is considered that correlations demon-
strated in the se papers show that a relationship does exist between 
sand mineralogy, soil processes and clay mineralogy. Swindale 
(1966) concluded similarly in his comprehensive study of the 
mineralogy of soil derived from basic and ultra-basic rocks . 
very little work, however, has been done to show the relation-
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ship (if any exists) between the clay mineralogy of the developing 
soils and the underlying parent material. Swindale and Hughes 
(1968) have shown that clay minerals, not normally encountered 
in a particular zone may occur in soil parent materials and 
recent work by the author has indicated that such minerals may 
persist in the solum (confirmed by Wells and Blakemore - pers 
comm) indicating a s t age of weathering in advance of that 
expected for the zone. With the increasing tendency to examine 
whole soils (Furkert , 1969 and Campbell pers comm) , with a 
minimum of pre-treatment, it will be both logical and easy to 
extend observations into the parent material and underlying 
horizons. Such studies will help in elucidating the extent to 
which pedogenesis is operating in the present cycle . 
The occurrence of metahalloysite and gibbsite in soils in 
the Mowbray area could be indicative of advanced stages of 
weathering . Fieldes (pers comm) , however, has indicated that 
these minerals appear in many yellow- grey and yellow-brown earths 
(although not mentioned in previous publications) and are 
probably residual either from previous more advanced cycles of 
weathering or are derived directly from an occurrence in the 
parent rock/material . 
6. SOIL CLASSIFICATION IN NEW ZEALAND 
Gibbs (1965) gave a schematic outline of the history of 
soil classification in New Zealand in the form of a dendrogram. 
He also discussed each of the soil groups according to the com-
mon genetic classification of Taylor (1948) , with amendments 
proposed in McLintock (ed. 1959) , in light of their broad 
environmental characteristics. He gave their nomenclature 
according to the technical genetic classification (Pohlen, 1962) 
and noted previous names for the groups and their overseas 
correlations . 
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Pohlen (1962) summarised the history of soil classification 
leading up to the emergence of the technical genetic classif i-
cation (Pohlen 1962 and Taylor and Pohlen 1962) . The amendments 
to the common genetic classification of Taylor (1948) ; which 
focussed attention and investigation on the processes of soil 
formation; were the application of regional names - High 
Country , Southern and Central , and Northern for the weakly , 
moderately , and strongly weathered yellow- brown ea rths and the 
replacement of skeletal soils with the term steepland soils 
(McLintock , ed. 1959). 
The aim of the technical genetic classification was to give 
precise technical definition to the common names of the earlier 
classification, and to draw attention to the import ance of the 
effects of the soil forming processes in soil genesis . In this 
grouping the object of classification was the net result of the 
interplay of the existing (and past) env ironmental influences 
on the soil body . 
The categorical bases of this classification were : 
I basal form of the soil body (i.e. gene ral appearance), 
II the main energy status as indicated by latitudinal 
and altitudinal zonation and soil moisture status , 
III the kind and grade of argillisation (i .e. degree of 
weathering experienced by the soil body and the 
nature of the clays so formed} , or the processes of 
accumulation, removal and mixing which tend to 
modify weathering , 
- and at lower levels, on the nature, extent and intensity of 
the processes which modify the soils in the above cat egories. 
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This classification allowed greater def inity of soil 
grouping and nomenclature than had existed previously. The 
nomenclature gave a direct insight into soil genesis and soils 
f ormed as a result of similar processes could be easily identi-
fied . An easing of the bias towards sharply delimited zones 
also resulted . The groupings , however, did presuppose a know-
ledge of the dominant clay minerals present, levels of exchange-
able bases and an accurate assessment of the mechanical con-
stitution. Similarly, poor definition of sub-units of intensity 
within some of the lower categories l e ads to confusion of 
application, especially amongst workers of limited widespread 
experience (e . g. a pedologist working in a small local area may 
consider that his soils showing the maximum iron illuviation are 
strongly iron illuvial , whereas on a national bas i s t hey may be 
only moderately or even weakly illuviated). The fact that this 
classification was designed to be used in conjunction wi t h , 
rather than replace, the common genetic class i fication has also 
led to cofusion among many working in fields related to pedology . 
Fieldes (1964, 1968) and Fieldes et al (1965) attempted to 
go beyond this classification by proposing a series of groupings 
determined by the nature of the dominant clay constituent . This 
constitutional classification, although designed to be used in 
conjunction with the technical genetic classification appears to 
have been used as a separate grouping. This is most probably 
because the major classes often cut across boundaries between 
the major groups of the previous classifications . It does pre-
suppose a knowledge of the dominant clay minerals but is as yet 
still in the stage of infancy and as such is difficult to 
criticise. A more detailed account of the application of this 
grouping , its limitations and advantages will be given later . 
7. SURVEY TECHNIQUES AND SOIL MAPPING 
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The essential elements of soil surveys are the identification 
and characterisation of soil taxonomic units, the areal delimita-
tion of these taxonomic units and the grouping of taxonomic 
units into mapping units which themselves are dependent on the 
scal e, nature and purpose of the survey. The description and 
identification of soil profile characteristics has been well 
documented in the past in manuals such as those produced by the 
Soil Survey Staff (1951) , Clarke (1957) , Taylor and Pohlen (1962), 
Leamy and Panton (1966) and in more specialised articles such as 
Whiteside (1959), USDA (1960), Gile et al (1965). Methods for 
the delimitation of taxonomic and/or mapping units, however, 
h~ve not been as rigidly defined. 
(a) Soil survey techniques 
The Soil Survey Manual (Soil Survey Staff, 1951) discussed 
the use of the plane table, and pace and compass surveys in 
mapping . Taylor and Pohlen (1962) mentioned the conduct of soil 
surveys but said little about the actual techniques involved in 
the location and extrapolation of soil boundaries. Leamy and 
Panton (1966) covered in some detail the essential elements of 
chain and compass traverses in forested country. Barrera (1961) 
was remarkably vague, leaning heavily on the methods outlined by 
the Soil Survey Staff (1951) • 
In fact it would seem from the literature that the tech-
niques to be applied in the conduct of a soil survey are a matter 
of individual decision. These may vary from intersection or 
radial plane table location, to chain or pace and compass 
traverses , to free traversing in regions where sites can be 
located easily by grid reference or by offset from easily 
identifiable features . 
(b) The use of aerial photographs 
Since the mid 1930s soil surveying in the United States 
has been based on aerial photographs (USDA 1966). Aerial photo-
graphs and aerial mosaics have also been used extensively in 
this country in more recent times in place of base maps (Gibbs, 
pers comm) . Aerial photographs have been us ed extensively 
overseas as preliminary guides in the planning and demarcation 
of broad boundaries prior to the comme ncement of surveys 
(Barrera, 1961; Thomas, 1962; Cabrita, 1963; Leamy and Panton, 
1966; Andronikov , 1967) and have also been used directly in the 
production of reconnaissance and de tailed soil maps (Gunn, 1955; 
Sirnakova, 1964, 1967; Hooper and Ives, 1965; USDA, 1966; 
Tolchel 'n ikov, 196 7) . 
Methods for the interpretation of photographic aspects of 
natural and cultural features in terms of soils and soil charac -
teristics have been outlined by Simakova (1964), USDA (1 966) and 
Rikjse (1966) . In addition Simakova (1964) has detailed the use 
of colour aerial photography in soil mapping in tne Caspian low -
land and Avery (1968) has discussed the application of remote 
sensing techniques, based on aerial observation, to the inter-
pretation of soil data . 
Obvious disadvantages of air photos, however, are the ever 
present scale distortion in areas of buoken country, the image 
distortion away from the photo centres and the obscuration afforded 
by cultural activities . Consequentl y , there has been a marked 
tendency towards the use of controlled mosa ics which are prepared 
at a definite scale and adjusted so that distortion is at a 
minimum . 
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In areas of little relief variation, mosaics can , and have 
(Soil Survey Staff, 1951; Gibbs, pers comm) been used as field 
sheets enabling the user to obtain a high degree of accuracy. 
A major limitation though is their inability to show the terrain 
contrasts in areas of broken relief that are visible on stereo-
scopic examination of stereo pairs . Thus air photos must remain 
a fundamental tool for survey work in areas of broken relief and 
mapping techniques must be such that scale and image distortions 
are corrected . 
Plotting soil boundaries onto air photos by photo-analysis 
techniques following initial ground control enables the surveyor 
to move randomly about the area locating observations by reference 
to easily identifiable features (Soil Survey Staff , 1951) thus 
eliminating much of the drudgery of routine examination along a 
series of pre--arranged traverse lines, or of following - out boun-
daries in the field (Soil Survey Staff, 1951 p . 440; Taylor and 
Pohlen, 1962 p. 146). Similarly, boundaries based on initial 
observation direct the surveyor to areas which require more 
detailed observations and indicate those areas where only a 
minimum number of observations are required . 
(c) The preparation of field sheets 
As noted above , there is an increasing tendency to use 
aerial mosaics as field sheets, marking symbols for taxonomic 
units as one proceeds (Soil Survey Staff, 1951; Gibbs , pers comm) . 
Taylor and Pohlen (1962) are particularly vague, however , in 
discussing the construction of field sheets and base maps, but 
Leamy and Panton (1966) have on the other hand gone into some 
detail to explain the construction of field sheets/base maps from 
comprehensive traverse notes. The use of large scale air photos, 
enlargements of same or photo - mosaics , however, precludes the 
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necessity of making comprehensive traverse notes , particularly 
in respect of soil boundary changes. Such boundaries can be 
marked on photos before commencing comprehensive traversingthus 
enabling soils to be identified directly onto the photo by a 
series of symbols, supplemented by ancillary notes of site and 
profile characteristics . 
(d) Soil mapping units 
In the initial construction of fiela sheets, soil taxonomic 
units are identified. On detailed surveys these are soil types, 
phases and variants . In the preparation of maps from detailed 
soil surve ys most , but not all, of the taxonomic units are 
mapping units (Soil Survey Staff, 1951). These are most frequently 
a~ the type and phase l evel (Taylor and Pohlen, 1962). However, 
as pointed out by Johnson (1962), the kinds of map entities 
selected, the map scale, and the level of cartographic detail 
must be adjusted to the maJor objectives of the survey and to the 
complexity of t He soil pattern. 
Consequently in conducting his survey and producing a soil 
map the surveyor must take cognizance of the requirements of the 
survey and the needs of the map user . A map of great detail may 
be too confusing for the user , yet one which has been over-
simplified may not contain sufficient information. The soil 
surveyor then, has the task of presenting his taxonomic units in 
terms of ma£ping units in such a manner that the user of his map 
is supplied with all the information required, yet is not con-
fused with detail . 
In the survey of the Mowbray catchment it was considered 
that the primary aim was to produce a map highlighting the com-
plexity of soils on hilly and steep slopes in the high country, 
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yet capable of showing that inter-relationships between soils 
could be easily interpreted in terms of the soil forming 
processes. To achieve this, phase differences in some areas 
have been elevated to type or sub type status, or have been 
indicated by the use of symbols, and soil complexes have been 
mapped in the colour of their major component with the presence 




1. TECHNIQUES IN COMPILATION OF DATA 
(1) Preliminary Investigations 
Prior to commencing the major part of the survey of the 
soils of the Mowbray area preliminary investigations were 







the distribution of land forms , 
accessibility of various areas , 
the possible extent of soils likely to be encountered, 
and to enable a plan of survey to be drawn up; 
to achieve this the following techniques were employed : 
Aerial reconnaissance A reconnaissance in a light 
aircraft both at high and low altitude was carried out over the 
valley. On the first flight this achieved little more than a 
familiarisation with the distribution and nature of terrain and 
vegetation . On a later flight, which followed an extensive period 
of field investigation, it was possible to observe soil/terrain 
unit changes and follow them laterally away from their noted 
occurrence on traverse lines. 
Unfortunately , due to the relatively high ground speed of 
the aircraft , it was not possible to mark boundaries directly 
onto the map , but this is a principle which could be investigated 
for use with slower moving aircraft such as helicopters. 
(b) Air-photo analysis Although soils do not appear on 
air-photos as such, except where vegetation cover is sparse, 
changes in the nature of soils can be inferred from changes in 
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elements with which soils are intimately related . In particular , 
changes in terrain , vegetation and the hydrologic cha r acter of a 
landscape . In addit ion , cultural practices often indicate maJOr 
(and minor) soil changes . 
Air-photos have been used extensively in soil mappi ng at a 
variety of scales (Avery , 1 968) , (Simakova , 1 964) and ove r a wide 
range of environments from t he sub- artic region s (Tolchel'nikov , 
1968; Simakova , 1968) through sub-tropical forests (Ca brita , 
1963) to the dry (Gunn , 1 955) and moist (Hooper and Ives , 1964) 
tropics . Basic principles of interpretation , with particular 
reference to soils have been outlined by Simakova (1964) , the 
USDA (1966) and recently in New Zealand by Rijkse (1966) . 
In carrying out an air-photo analysis there are three basic 
steps to be considered : 
(a) identify as wide a range of individual characteristics 
as possib l e , 
(b) determ i ne which characteristics are commonly 
assoc i a t ed and h e nce , 
(c) del i mit t he unit s so emerging , noting the r a n ge 
of observed photo characteristics within each . 
(Adapted from Cabrita , 1963) . 
The writer has established units on a two criteria basis : 
(i) the nature of the land surface - which includes : 
(a) part of overall geomorphic landform , 
(b) terrain - e . g . slope, length of slope , 
(c) position on slope; 
(ii) the air ph ot o aspect of the unit - which includes : 
(a) s i ze of whole or individual part s , 
(b) shape of whole or individual parts, 
(c) shade or tone which may vary from white 
through various greys to black, 
(d) pattern indicated, 
(e) relationships with adjacent units. 
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On this basis an analysis of the air-photos covering the 
Mowbray area at a scale of one inch to fifty chains was carried out . 
( i) Na tu re of the land surface --
(a) geomorphic units: 
(1) flood plains 
(2) terraces - according to level 
( 3) low angle fans - 50 slope, 
(4) low fans - 50 - 12° slope, 
( 5) high angle fans - 12° + slope, 
{b) terrain units: 
(1) moderately sloping hillsides, 
(2) strongly sloping hillsides, 
(3) steeply sloping hillsides, 
(height) 
(4) very steeply sloping hillsides. 
(c) position and shape of slope: 
(1) lower or foot- slope, 
(2) central or mid-slope 
(3) upper-slope, 
(4) ridge crests, 
(5) uniform slope, 
(6) convex slope, 
(7) concave slope. 
l, 2 I etc. 
(ii) The air photo aspects as revealed by the nature of the 
vegetation and the degree of cover exhibited by the vegetation. 
using the shape , size, tone and patterns within units , the 









poorly drained . 
surface stoniness characteristics (largely 
dependent upon initial extensive ground 
investigation) 
(1) non stony, 
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(2) slightly stony - scattered stones 30' - 100' apart , 
(3) stony - common stones 5'-30' apart , 
(4) very stony - many stones 2~' -5' apart , 
(5) extremely stony - almost continuous coating 
of stones . 
(c) erosion characteristics, where possible determined 
from evidence indicating: 
(1) wind e r osion - either subject to deflation 
or accumulative sties , 
(2) sheet and rill erosion , 
( 3) gullying , 
(4) screes . 
Each characteristic was indicated by a number or a lett er and 
then units were delimited on the air-photos on the basis of 
r ec u rrence of the same letters and numbers in combination. A 
tentative grouping was then established primarily on t he basis 
of location , e.g . 
(1) on hilly and steep lands , 
(2) on , or adjacent to the Mowbray fan , 
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(3) on, or adjacent to the Orari fan , 
(4) on, or adjacent to the Meikleburn fan and floodplain . 
The next step was to carry out a rapid traverse over selected 
routes to correlate the air-photo units with field occurrences. 
(c) Rapid traverses - Three rapid traverses were carried 
out in an attempt to correlate the established air-photo units 
with actual soils units in the field . One traverse cove red the 
lower part of the Mowbray fan , the Meikleburn floodplain and the 
lower part of the Orari fan and adjacent hillsides . A second 
traverse covered the upper Mowbray fan and adjacent northern 
portion of Lucas 's Hill . The third traverse crossed t he 
Meikleburn fan, upper Meikleburn , upper Mowbray and the Mowbray 
gorge. 
As a result of complete (detailed) and partial profile 
descriptions obtained during these traverses a tentative legend 
based on : 
·<" 




a . terrain 
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( i) profile morphology 
was established . 
2. Establishment of the Tentative Legend 
) Site characteris t ics 
) 
) 




Following air-photo analysis and rapid traverses it was 
possibl e to develop a tentative legend , classifying the physio-
graphic/pedomorphic units of the Mowbray area . Although previous 
surveys had indicated the range of soils likely to be encountered 
in the region , it was decid ed , because of initial diff iculty of 
w =z;; 
Parent Material 
A* Soils on Alluvium 
(and some wind-
borne fin es) 
B Sails on Deep Loess 
Deposits 
C Soils on Loess Over 
Mixed Loess and 
Colluvial Debris 
D Soils on Mixed 
Loess and Colluvium 
E Soils on Predomina-
ntly Colluvium 
Debris 
F Sedentary Soils on 
Parent Rock in 
Place 








2 . Weakly developed 







Rolling and hilly 
surfaces 
1. Rolling hillsides 
2 . Hilly surfaces 
1. (Hilly lands Moderately 
( (Steep lands ** Shallow 
2. ( Very steep Shallow 
lands 
1 . Strongly sloping Shallow 
fans 
2 . Steeply sloping Shallow 
hillsides 
1. Rolling - hilly a . Shallow 
deep 
ridge crests b. Moderately dee~ 
Drainage 
a . well drained 
b. imperfectly 
drained 
Pans - or dis-
tinct horizons 
i. non compact 
subsoil 
a. well drained ii.compact subsoil 
b. poorly drained i . weak gley 
· ii . strong gley 
3. poorly drained strong gley 
1. moderately well compact subsoil 
drained 
a . we ll drained 
c. poorly drained 
a . well drained (incls assoc . 
stony soils) 
b . imperfectly 
drained 
* Letters/numbers used as identifying symbols during mapping 
** mean strongly- steeply sloping and Steep and very steep in this sense 






dev. B horizon 
i. dark brown 
A1 















A B C 
ABC 
A Bg C 
A (G) C 
A G c 
A B c 
A B c 
A B c 
A B C 
A Bg C 
A B c 






























correlating the observed soils with previously recorded types, 
to use a nota tion system based on observable characteristics . 
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The nature of the Parent Material Classes and the Terrain 
were chosen as the prime measureable functions of the classif i-
cation. Subordinate to this were depth of solum, drainage and 
profile morphology . Because of limited data on rainfall (and 
climate) and distribution of vegetation, these two criteria were 
only used in conjunction with other measureable factors such as 
aspect and exposure . The t entative legend (Table 1) was drawn 
up following initial rapid traverses and was correlated directly 
with the air-photo analysis, initial notations marked on photos 
following the photo- analysis were then replaced with the 
notation of the tentative l egend. 
One was then in a position to investigate the various 
predesignated units in the field and note the existence of 
similarities or differences within and between units , thus 
verifying the reliability of the air- photo analysis . At the 
same time extensive soil information was obtained which enabled 
correlations to be made between the soil units as designated and 
existing recorded soil types . 
3 . Field Investigations 
Field investigations of the soils of the Mowbray catchment 
have been carried out with three basic aims in view: 
(i) to map the soil pattern in detail after preliminary 
identification with the aid of air-photos , 
(ii) to determine the relationship between soil units 
located during (i) above , and 
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(iii) to determine the variation within homogeneous mapping# ' 
units and the amount and extent of inclusions within heterogeneous#i r 
units. 
A variety of techniques were employed in order to fulfill 
these aims . 
(a) Comprehensive traverses These were foot traverses 
along either preselected routes or along and across obvious 
topographical features such as fences, tracks, obvious ridges 
etc. The route was located on the air- photos and transferred to 
an air-photo enlargement. Relevant information obtained along 
the traverse, from offsets or from binocular observation of 
adjacent areas was initially recorded in a field book and was 
later placed on the photo enlargement by estimation. 
Soil boundaries so located were found to conform fairly 
closely with those plotted initially on the air-photos following 
photo - analysis. In some cases, particularly in steep country, 
boundaries were sketched directly onto the air- photos in the 
field as initial interpretation had not been definitive enough 
to locate the boundaries precisely. This was particularly so in 
the case of the high country yellow-brown earths . 
# · homogeneous mapping units - the soil type as defined by 
Taylor and Pohlen (1962) is considered to be a homogeneous or 
near homogeneous segment of the soil landscape and may contain 
10-15% of other soils as inclusions . 
l heterogeneous units are those mapping units cont aining an 
intimate mixture of two or more homogeneous units which cannot 
be separated, or it being impractical to separate at the scale 
of mapping - such units are the soil complex and the soil 
association (Taylor and Pohlen 1962) . 
Extrapolation of boundaries between traverses was then 
made by air-photo analysis . Extra traverses were then planned 
to cross some of the interpolated boundaries in order to check 
the validity of the air-photo interpretation. 
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Each new soil on each traverse was assigned a number. Soil 
numbers were then correlated with each other and with the ten-
tative legend . The aim was maximum objectivity in order to 
produce groups of like morphology and genesis. 
Because of the complex pattern of soils on the low- level 
fans of the Mowbray and Orari it was necessary to interpret the 
preliminary analysis of photo data in these areas after completing 
the traverses. However , because of the lack of good definition 
on air- photos and the complex pattern of closely related types 
and phases of the soils on these surfaces, it was not possible 
to delineate all the soils by air-photo interpretation (see 
plates l, 2, 16, 17 and 18). It was decided therefore, t o map 
these soils as broad soil associations. (Taylor and Pohlen , 1962) 
On the rolling, hilly and steeplands preliminary boundaries from 
air-photo interpretation were found to conform closely to changes 
observed in the field by comprehensive traverses. It then 
became a matter of grouping the small range of soils, within each 
tentative legend unit , into a particular soil type or number of 
types . 
Such a technique obviously emphasises the surficial form 
of soils. This tended to establish a set of predefined groupings 
based on the nature of surface deposits and the processes of the 
drift regime, the nature of the terrain units and the degree of 
continuity of vegetative cover . As a consequence, true objec-
tivity in assessing the morphological and genetical relation-
ships of various soils has not been completely maintained, but 
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correlations with established soil t ypes f rom adjacent areas . 
(b) Detailed trave rses Five traverses were carried out 
in much greater detail than the comprehensive traverses alon g 
pre- selected lines . These were along a fixed compass bearing or 
series of bearings to cover as wide a range of landforms and 
soil s as possible (see Fig . 3) and were measured by pacing. 
Slopes were recorded at each change in slope, with an abney hand 
level . These traverses were intended to show a cc urat ely the 
topographic a nd lithologic variations within each unit shown on 
the field maps at the end of stage (a) above , and al s o the 
relationships between adjoining units . P r ofiles were examined 
following each soil change and where necessary r ecorded in ful l. 
Variations within each soil s o established were des ignated in 
the same manner as that used on compr ehensive traverses. Different 
sets of numbers were used for each t raverse and at a l ate r date 
the soils from each traverse were correlat ed and des i gnated 
according to the tentative legend. Subsequent corre lation with 
the pedological legend enabled the various soil types and phases 
to be identified a nd the r ange of each unit ascertained (see 
plan in rear pocket) . 
The use of this technique has revealed that even detailed 
mapping is unable to show : 
(i) all of the minor variants and phases which exist 
within each soil t ype , 
(ii) the amoun t to which other related soils occur within 
the bounds of what is shown on the map as a homogeneous unit, and 
(iii) that the soil association must still be considered as a 
valid mapping unit on detai led soil maps . 
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(c) Comprehen sive guadrats In order to obtain a more 
realistic picture of the relationships between various soils on 
the fans than was apparent from line t r averses , two broad quad-
rants encompassing whole paddocks were examined in fine detail . 
Soil boundaries were located by pacing along the peripheral 
boundaries of paddocks and along selec ted traverses across the 
paddocks . The paddocks as outlined by their fence pattern on 
the 20 chain map enlargements were then enlarged to a suitable 
scale and paced distances were adjusted proportionately . This 
technique proved t o be quite rapid and enabled a very detailed 
plan of the soil pattern to be constructed (see Figs 14 and 15) 
The eme r ging soil pattern revealed a far more complex pat-
tern of sedimentation and erosion by wind deflation on the fans 
than had been estimated followi ng the early i n itial comprehensive 
traverses and preliminary t raverses , or from air-photo inter-
pretation alone . 
(d) Detailed quadrants A further met hod employed to 
determine the amount of variation occurring within soil mapping 
units was that of intensive studies of one acre plots . Three 
such areas were examined (Fig . 3) : 
1 . on the surface of the Or ari fan , 
2 . on the Meikleburn floodplain , and 
3 . on t he lower part of the Meikleburn fan (Figs 11 , 1 2 , 13) . 
These examinations were carried out by initially establishing 
a chain grid over the acre quadrat . Inspect i on pits were du g at 
each grid intersection. Following an examination of these profiles 
the extents of subtypes and phases thus establ ished were located 
by auger and pit inspection , systematically along grid lines and 
randomly over the quadrat. Prior to conunencing the t raverse , a 
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grid was established on graph paper and subtype and phase boun -
daries were plotted in the field during the quadrat examination . 
The variabilit y encountered was particularly marked on the 
imperfectly and poorly drained soils of the Meikleburn flood-
plain , but was also quite distinct within the other two quadrats . 
The results obtained may indicate too fine a degree of differen-
tiation of un its for the demands of the required final infor· 
mation . It is interesting to note, however , that Protz et al 
(1968) were able to determine an even greater number of differing 
units, over a similar area, using only the thickness of horizons 
as their measured variables . Certainly the results have shown 
the extent of inclusions within soil types; and have more than 
adequately emphasised the need to study the soil pedon (USDA , 
1960) when considering the characterisation of a soil type rather 
than an individual profile or series of profiles . 
The observations based on the results obtained from these 
detailed transects and quadrats will be discussed later . 
4 . Descriptive Terminology 
(a) Site descriptions In all cases in the description 
of site characteristics, terminology employed by Soil Bureau 
(Taylor and Pohl en , 1962) was utilised . However , in some cases 
it was found that this terminology was not sufficiently detailed 
to assist in the explanation of site differences . In such cases 
additional terms were used : 
( i) in relation to terrain : 
e . g . 










(# in part after Clarke (1957) - 'slope form of complex slopes') 
In this case on all hillslides concave areas on all angles of 
slope were accumulative, but convex hillslopes were only 
accumulative on gently, moderately and some strongly sloping 
hillsides. 
(ii) geomorphic terminology: 
'fans' In order to differentiate the surfaces of detrital 
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accumulation adjacent to, and extending away from the mouths of 
eroding valleys, the so- called fan surfaces have been divided 
into three categories dependent upon the angle of slope . These 
subdivisions also reveal a decrease in degree of sorting and a 
general increase in the coarseness of the detrital material . 
'low level fans' 
0 0 
(1 - 4 slopes) - the extensive fan system 
of the two main rivers and the Meikleburn stream . These are 
"alluvial fans" of Cotton (1948), and "fans on the old flood 
plains " of Mccraw (1968), or in t he case of the Mowbray area, 
where these three fans have coalesced to form a "basin plain" 
(Cotton, 1948 p. 259). 
'low angle fans' - (5° - 12°) - these are the true "alluvial fans" 
of Cotton and are found at the entrances to narrow eroding gullies. 
They correspond to the "fan head" and ''middle fan" zones of 
Mee raw ( 1968) . 
'high angle fans' - (12° +) - these are "alluvial cones" of Cotton 
(1948 p. 255) and are differentiated from screes in that they are 
moderately well vegetated and relatively stable . 
'screes' - The general term 'scree' or 'talus slope' was not 
sufficient to adequately describe the range of features of this 
form occurring in the Mowbray area. The term 'scree' is retained 
in its original meaning (Cotton, 1948 p. 238-40) but emphasis is 
placed on the observation that the angular fragments of broken 
rock forming the surface of a scree do not, as a rule, remain 
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long enough in place to become weathered and allow the formation 
of a soil . Such screes in the Mowbray fall into two divisions: 
(1) currently "active screes" , and 
(2) "old screes" from which the bulk of the fines 
have been removed by wind and water, lichens 
coat the rocks and matagouri (Discaria toumatou) 
and mountain ribbonwood (Hoheria glabrata) grow 
out from amongst the large stones and boulders . 
In addition to these a separate feature herein termed a 
"loam{ scree" also exists in the Mowbray area, and in related 
high country areas . These screes have been formed by the severe 
erosion of soils generally leaving only the lower part of the 
subsoil. Running water has tended to remove the g reater part of 
the fines from the upper profile , concentrating the coarser frag-
ments . Subsequent movement due to creep and solifluction has 
given rise to an intimate mixture of rock fragments and a gritty 
silt loam (i . e . basically a loam) matrix. Continuous stone pave-
rnents rarely occur as such on these ' loamy screes' . 'Loamy screes' 
have been classified as "Incipient or Irrunature Screes " by 
O'Loughlin (1965 p . 17). In the Mowbray area screes usually 
stand at angles of between 28° and 35° with an average of 32°, 
which is similar to that quoted by O'Loughlin. 
(iii) In relation to drainage the term "somewhat impeded" 
has been used and it is visualized as a drainage crit erion halfway 
between the conditions "imperfectly" and "moderately well drained" 
and often used to embrace both . It should not be confused with 
"impeded drainage" of Clarke (1957) . In order to elaborate on 
external drainage characteristics , the following two site features 
are recognised as well as the "normal site" (Taylor and Pohlen, 
1962 p. 29) which has a medium runoff rate. 
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"Shedding sites" are those areas which permit rapid runoff 
either due to slope , compact surface horizons , poor vegetative 
cover , poor pe.rmeability or any combination of these . These are 
sites exhibiting "rapid runof f" (Soil Survey Staff , 1951 p. 167) . 
"Receiving sites are those areas , down s l ope from shedding 
sites , wh i ch receive greater amounts of water by runoff than 
simil arly positioned sites which a r e not be l ow shedding sites . 
These are sites which exhibit 'slow or very slow runoff' (Soil 
Survey Staff, 1951 p . 167). 
(b) Profile descript ions The description o f soil profiles 
was in conformi t y with Taylor and Pohlen (1962) . Soil colours 
(including mot tles) unless otherwise s t ated were recorded moist . 
Channels and other voids were described in accordance with the 
abundance and size limit ations laid down for pores (Taylor and 
Pohlen, 1 962 p . 99) and clayskins were described in terms of 
origin (ibid p . 1 79) and relative abundance as assessed wit h 
reference to a visual percent age chart (ibid p . 79). Roots were 
not adequate l y discussed by Taylor and Pohlen and a modified 
form (Ives , 1 966) of Clarke ' s (1957 p. 1021 descript ive termino -
logy for roots , pert aining to quanti t y and size was adopted. 
The descriptions of stoniness followed Taylor and Pohlen 
(1962 p . 88) wi t h the addition of "extremely s t ony", more than 
60% stones (or gravel) , and with the very stony class being 
modified accord ingly. Terminology used to indicate soil depth 
was not definitive enough for the requirements of this survey 
and the following reallocation of limits is proposed : 
very shal l ow 0 6 " 
shallow 6 - 1 2 " 
moderate l y deep 1 2 - 1 8 " 
deep 18 - 36" 
very deep 36 + 
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These terms refer to the depth to agronomically contrasting layer, 
or the C horizon, (i.e . the base of the solum) whichever is the 
shallower . 
2. CORRELATION OF MAPPING UNITS 
Once the tentative l egend had been established and the range 
of soils within each unit ascertained by intensive field inves-
tigation, there was a need to correlate these units with existing 
soil series and t ypes established and documented by the Soil 
Bureau and others (see Table 2) . 
(a) Initial Difficulties Encountered 
These were two- fold. There appeared to be , in many pub-
lications, a confusion between writers as to the true concept of 
a particular soil (see later notes on Tekoa anJ Kaikoura soils 
especially) . This was particularly true in the case of the soils 
on steep slopes where many workers considered that they were on 
Kaikoura soils simply because they happened to be in the so-called 
' zone ' of Kaikoura soils as defined by Gibbs et al (1945) and 
Gibbs and Beggs (1953). Vucetich (1961) recogn ised this factor 
and referred to Kaikouran Steepland soils rather than Kaikoura 
steepland soils (fol lowing Raeside, 1956 p. 23) and implying that 
a wide range of Kaikoura-like soils existed which did not 
necessarily conform with the modal concepts envisaged by Gibbs 
et al or Gibbs and Beggs . 
Secondly , as a natural consequence of that above , a prolifera-
tion of slightly different descriptions for the same soil type 
appeared . Soils were rarely if ever defined in terms of their 
morphological (and chemical) range and as a consequence , over-
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e.g. Skipton silt loam : 
7" pale grey silt loam, weakly developed crumb 
structure, friable , few small rusty flecks, 
4" pale grey silt loam, weakl y developed nutty 
structure, friable , powders when dry , many 
rusty and orange mottles, 
8" pale yellow silt loam , blocky structure , 
firm , hard when dry (hard pan) , 
on yellow silt loam , blocky structure , firm , 
hard when dry. 
(Raeside et al, 1959 p. 25) and 
Skipton silt loam : 
9 " dark greyish brown, firm silt loam , 
11" pale yellowish brown, friable silt loam with 
very many reddish yellow mottles , 
on pale yellow , firm , massive silt loam with 
many orange mottles . 
(Kear et al, 1967) 
If these are considered as the extreme (?) ranges of the Skipton 
series it can be easily seen how correlation on a morphological 
basis only becomes di f ficult and duplication arises . Consider: 
7" dark greyish brown , very friable silt loam 
with crumb and nutty structure , 
6" pale greyish brown , friable silt loam wit h 
blocky structure , 
8" pale yellowish brown , strongl y mottled, firm 
heavy silt loam with blocky structure 
on yellowish brown , massive , very firm , heavy 
silt loam . 
(Soil Bureau Staff , 1968a) 
which in the writer's opinion is an acceptable profile within 
the apparent range of the Skipton soils as shown above , or : 
8" dark greyish brown , friable silt loam , 
12" pale yellowish brown, friable, heavy silt loam 
on pale yellow, very finn, massive silty 
clay loam, 
which according to Kear et al (1967) displays "rusty brown 
mottling in the subsoil" in certain locations. These two 
profiles would both be acceptable morphologically within the 
apparent range of the Skipton soils, yet they have been quoted 
in soils publications as being respectively typical of the 
opuha and Sherwood silt loams. Certainly all of these soils 
are terrain associated, but when the Opuha soils "grade into 
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the Skipton soils" (Kear et al 1967 p . 31) where does one place 
the pedological boundary? Similarly, the differentiation between 
Opuha and Sherwood soils seems to be rather ill-def ined. 
Morphologically it is based on better structural development in 
the latter and the seeming occurrence of colder winters with 
some snow in regions where the latter is mapped . The better 
structure , in fact , in the Sherwood soils exists only in the 
A horizon and may merely be a consequence of current and past 
land use (Packard and Raeside, 1952) . 
Similarly, a search of the literature reveals wide reported 
ranges for certain high country yellow-brown earths , (e.g. the 
Kaikoura and Tekoa soils particularly) , while others are res-
tricted in range by only one or two profile descriptions . Where 
there is only a minimal number of profile descriptions such soils 
may fall comfortably within the range of "apparently" more 
precisely documented soils . In particular the Benmore and 
Kirkliston soils show distinct similarities with the accepted 
morphology of both Kaikoura and Tekoa soils. 
One would think that the chemistry of soils would be an aid 
in their definition . This is so on a very broad basis only and 
the bulk of the routine analytical data is at present of little 
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differential use at detailed survey level . This is because of 
a paucity of information , perhaps only one or two analyses , for 
certain soils and a veritable wealth of information indicating 
a very wide range of soil conditions for other well documented 
soils . For example, Soil Bureau records contain on l y one 
analysis of a Skipton soil, and only two of Sherwood soils, 
while on the other hand nine (almost whole) profile analyses of 
the Tekoa soils reveal a very wide variation in chemical 
character (see Table 10). 
(b) Determination of Medial Profiles 
Because of the lack of precise definition of various units, 
and the lack of documentation on observed ranges, it was 
decided to construct medial profiles for the various soils likely 
to occur in the Mowbray area . To this end data on several soils 
was assembled not only from existing publications but also from 
unpublished material in Soil Bureau records .* Morphological , 
site and analytical data were recorded for each soil series or 
set , and f rom this one was able to determine the range of con-
ditions under which each soil had developed; and the range in 
the character of the profiles' morphology and chemistry. A com-
posite or medial set of conditions could then be est ablished and 
the degrees of variation from these conditions noted. The medial 
concept of each series or set as determined is given in the 
preamble to the description of each series in Chapter V below . 
At all times during this s t udy the nomenclature assigned to 
each soil set , series or type by the Soil Bureau Staff was accepted 
without question and no a ttempt was made to regroup soils which 
* The writer is particularly indebted to Messrs James D. Raeside 
and Michael L . Leamy for permission to peruse records housed 
in Soil Survey offices in Christchurch and Dunedin . 
hau apparently anomalous characteristics for their assigned 
set , series or type . Any attempt to regroup profiles into 
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more appropr iate sets etc . would have involved more comprehensive 
examination of records than was undertaken and , if practical , 
would involve discussion with the surveyors respons i ble fo r the 
descriptions and correlations . T ime precluded the conducting 
of such an investigation . Due allowance was made for the dif-
ferences in detail and accuracy required in the preparation of 
medial , or the selection of reference profiles at various levels 
of mapping . 
(c) System of Correlation 
Once a medial profil e and t he range of morphological and 
chemical characteristics had been established it proved a 
relatively simple matter to effect correlation between recorded 
profiles from the Mowbray area and established soil series . A 
system was devised to present a complet ely subjective approach . 
This entailed a soil series of common environmental and sit e 
factors being compared with the morphological range and chemical 
features of one of the Mowbray soil units , in accordance with 
the scheme illustrated by Table 3 . The whole basis of such 
system is that soils should be corre l a t ed on simila r ities and 
not differences . Hence the established soil which has the 
greatest number of similarities with t he soil being correlat ed 
should give its name to the unknown soil. 
Such a system places much greater , and equal , emphasis on 
morphology and chemistry than has been assigned to the identif i -
cation of soils in the past. This should be the basis of dif-
ferent iation of soil types at detailed leve l s . Variations in 
broad climatic, topographical and vegetational aspects are satis-
factory crit eria for determinin g broad soil t rends and for 
Table 3 ~ic Correlation Table 
Correlation Sheet*: Profile .•• 
Chemical data (whole profile) Morphological data (each horizon) 









trends down the profile 
(a) relative level in A horizon 
(b) contrasts in levels between 





trends down the profile 
actual values - bearing in mind 
differences in organic matter 
content 




actual values - greatest 
on B and C horizon 
actual values 
trends down the profile 
emphasis 
Exch Cations 
A horizon within : 
(a) 
(b) 
colour range of 
structural range of .••• . • 
(c) mottles/stones comfB. re with 





colour range of . . . . . . 
textural range of 
structural range of . . .. . . 
mottles ) 
stones ) compare with 
compaction ) 





colour range of 
textural range of •••.•• 
structural range of •••• • O 
mottles ) 
Stones ) compare with 
compaction ) 
. . . . . . 
• • • • • 0 
- general consideration of actual levels -
especially Ca, Mg, and K - but special 
emphasis on trying to match Mg and K values 
down the profile 
Elevation 
Terrain 
within range of ••••• • 
within range •••••• 
Where the profile discussed has a characteristic 
within the accepted range of a given soil set/ 
series/type, the name of that set/etc is recorded 
in the appropriate place. The number of times 
each soil name appears is then noted at the bot-
tom of the column. 
The total number of times a soil set/ 
series/type name appears in this column 
is recorded and these totals are then 
added to totals obtained by summation 
in the left hand column-
The soil being correlated is then given the name of that series/type ~ith 
which it has the greatest number of similarities . Should the soil ~ein~ 
correlated have an equal number of similati ties with two or more soils it 
should be correlated with that soil with vhich it has the greatest mor-
phological similarity. 
Correlation . . . . . . . . . . . . . . . . . . . . . . 
h ·1 (in decreasing order of similarity) Ot er soi s • • • ••••••.••• • ••••••.• 
* only those soils of comparable environmental range 
should be used for correlation . 
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differentiating soil sets but should be restricted to a secondary 
differentiating role in the i d entification of soils during 
de t a iled surveys. 
3. CONSTRUCTION OF SOIL MAP 
The base map used in the preparation of the final map showing 
the distribution of soils in the Mowbray area (see pocket at rear) 
was provided by the Director-General of the Lands and Survey 
Department. Enlargements at a scale of one inch to 20 chains 
were provided for the eastern one third of sheet S.90 and the 
western one third of sheet S.91. In the case of S.90, the maps 
provided were enlargements of prints prepared at a scale of 
1 : 25,000 for NoZ .M.S. 2, whilst those from sheet S . 91 were 
enlargements of the 1 : 45 ,000 compilation plot prepared in 1967 
for that sheet. 
(a) Phase 1 - Use of Air-photo Enlargements at a Scale of 
Approximately One Inch to 20 Chains 
Because one inch to 20 chains air mosaics were not available 
enlargements of the air- photos covering the area were obtained. 
Boundaries between units established during the initial air-photo 
analysis were transferred from the photographs to the photo-
enl a r gements . The enlargements were then t aken into the field 
and the boundaries so established were either verified or relocated. 
On longer and more difficult traverses it was not possible to take 
the enlargements (unless they were cut to a smaller size, which 
did happen for some traverses) and consequently f i e ld notes 
taken during the traverse were applied to the e nlargement in the 
office. Extrapolation of boundaries in areas not visited during 
traverses was based on air-photo analysis. 
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(b) Phase 2 - Re-location of Boundaries on Air-Photos 
Boundaries either verified, re-located, removed or added on 
the 20 chain photo enlargements were then transferred back onto 
the air-photos (at a scale of one inch to 50 chains) by inspection . 
It was considered necessary to return to the original photographs 
for plotting soil boundaries because of the inherent scale dis-
tortion and image displacement in air-photos covering rolling, 
hil l y and steep terrain and the exaggeration of those errors on 
direct photo enlargements . (Avery 1968, USDA 1966 p. 10). 
Boundaries separating soil units on nearly level o r flat 
terrain were , however , able to be plotted directly from the photo 
enlargement onto the 20 chain base map. Scale was adjusted by 
the use of an enlarging projector. In flat country image displace-
ment is negligible (USDA 1966) and the facility to constantly 
adjust scale removes , to a large extent , scale distortion away 
from the photo centre (Avery 1968). 
(c) Phase 3 - Plotting Boundaries from Air-photos 
Boundaries marked in areas other than on the larger more 
extensive areas of flat, or nearly level land , were taken off 
air- photos with a "radial line plotter" . The "radial line" 
principle is based on intersection and resection in triangulation, 
a basic survey principle (Lahee 1952). The flight line between 
the centres of stereo-pairs serves as a base line and points away 
from the base lines ~re located by intersection, with con-
current stereoscopic observation using a co-mounted mirror stereo 
scope (Ray 1956). Because objects are viewed stereoscopically 
the intersection of the two arms will indicate the true map 
position of the object and hence apparent image displacement 
seen when the photos are viewed planimetrically is negated. 
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The radial line plotter is probably the most accurate rapid 
method of transferring data from air-photos to base maps . rt is 
certainly more accurate , especially in hilly and mountainous 
areas than more rapid techniques, notably the use of ''sketch-
masters" (Rijkse 1966, Ray 1956), but one serious limitation is 
its lack of ability to correct for tilt (Ray 1956) . However , as 
the base maps had already been drawn by the Lands and Survey 
Department, and control lines in the form of streams and roads 
were also transferred from the air-photos, it is considered that 
few errors due to tilt or scale distortion exist . 
(d) Phase 4 - Enlargement to One Inch to 20 Chains 
Although the radial line plotter used had the facility to 
enl arge up to two times photo scale , t his still would not have 
been sufficient for direct plotting onto a base map at one inch 
to 20 chains . Consequently data taken off the photographs with 
the radial line plotter was enlarged only to a scale of one inch 
to 40 chains. This information was then enlarged two times and 
projected , with an enlarging projector, directly onto the base 
map . The use of a base map with control lines al ready marked 
enabled an accurate scaling and hence location of soil boundaries 
from the enlarged 40 chain plot . 
Although this procedure may appear both long and involved , 
it was the only method consistent with the accuracy of the field 
work which allowed the accurate yet rapid production of a soil 
map at the scale required. It is common practice in soil survey 
to map soils at a larger scale than that intended for final pub-
lication (Soil Survey Staff 1951 p. 16 , Leamy and Panton 1966 , 
Barrera 1961, Taylor and Pohlen 1962 p . 145) . Consequently the 
effects of errors inherent in the production of field maps are 
considerably mollified when the final maps , at smaller scales , 
are produced . 
In mapping the soils of the Mowbray area the final map 
appears at the same scale as the field map , yet in the process 
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of production data has been reduced and enlarged again. Thus 
despite attempts to maintain high standards of accuracy, errors 
due to plotting and the location of boundaries on the field map 
may have been exaggerated on the final map. It is because of 
this that the map is probably only accurate to within 50-25 yards 
(1/8 to l/16th inch on the map) along traverses and away from 
traverse lines errors may be as much as 100 yards (which is 
~ inch on the map) . 
4 . LABORATORY STUDIES 
(a) Chemical Analyses 
In order to assist in the correlation of the soils of the 
Mowbray area with soils occurring in adjacent regions, routine 
(Metson 1961) chemical analyses were carried out on soil samples 
from 15 profiles. The following determinations were carried out : 
(1) .£!! Measured with a glass e l ectrode using 10 grams 
of soil to 25 ml of distilled water and standing overnight. 
(2) Total Nitrogen - Determined by the semi- micro 
Kjeldahl method (Metson 1961, p . 58 , 59) . 
(3) Organic Carbon - The method of Walkley and Black (1934) 
and Walkley (1947) was employed , using potassium dichromate 
and final titration against ferrous ammonium sulphate . 
This method recovers only 77% of the organic carbon present 
in the sample , consequently values obtained were x 1.3 to 
give a total organic carbon figure . 
(4) Cation Exchange Capacity - CEC was determined by 
Kjeldahl distillation of ammonia following leaching with 
ammonium acetate and washing with ethanol , and final 
titration against O. lN . HCL using a mixed indicator 
(Metson 1961 p . 1 05) . 
(5) Exchangeable Cations - To the NH
4
0Ac leachat e 
from the CEC de t ermination was added sufficient Srcl
2 
to give a concent r ation of 2000 ppm Sr
2
+ ions , and t he 
whole was made up t o 250 ml . Levels of exch angeable 
bases were then determined , following comparison with 
a series of referen ce samples , by the met hods i n t he 
table below. 
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Flame photometry 422 nm. Tetron 100 Atomic 





~ filter X 117 EEL Flame 
Photomet er 
Flame photomet ry 589 nm Tetron 100 AA 
Photometer 
(6) Total Exchangeabl e Bases (TEB) - TEB was deriv ed 
as a summation o f t he l evels of exchangeable bases in 
each sample (Met son 1961 , notes p . 105). 
(7) Base Saturation (BS %) - By calculation 
BS = TEB 
CEC 
x 100 01 
1 / 0 
(8) Phosphorus - A semi-detailed phosphorus fractionation 
was carried out so that comparisons might be made with 
other areas in order to determine the stage of weathering 
of the soils (Walker 1965 , Stevens 1963) . 




fusion with diges t ion 
in l : 1 HCl . 
ii . N H2 804 soluble P. - soils were shaken overnight 
with N H2 804 
and then filtered . 
iii. N H2 804 
soluble P . after ignition - soils were 
ignited at 550°c for one hour and then extracted 
in the same manner as (ii) above . 
Total Phosphorus was determined by the Dickman and Bray 
method which was modified by Fife (1959). This involved 
the formation of the phospho-molybdate ion and the 
measurement of colour intensity with a "8pectronic 20" 
at 825nm . . Phosphorus soluble in sulphuric acid was 
determined by a moLlif ied Fogg and Wilkinson technique 
similar to the "Molybdenum-blue" method described by 
Metson (1961) pp . 42-45) . Colour development was 





soluble P was considered to be easily available 
phosphorus (Pa) - although some discussion is centered 










P) is considered to equal organic phosphorus (Po) . 
Fixed phosphorus or difficulty available phosphorus (Pf) 




soluble P after 
ignition from total phosphorus (PT) - thus : 
Pa + Po + Pf = PT (Walker 1965) 
(b) Mineralogical Analyses 
In an attempt to obtain additional information in support 
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of genetic theories developed from a consideration of profile and 
site occurrences and morphology, it was decided to examine the 
mineralogy of the crystalline clay fraction . Initially only 
X-ray diffraction techniques were employed for A, B a nd C 
horizons of all profiles sampled . Extra techniques were used 
at a later date to confirm the presence or absence of certain 
minerals . 
(1) X-ray Diffraction -
i. Preparation of samples - soils were prepared 
in accordance with the procedure detailed by 
Claridge (1969 pp . 7-1 5) , with the exception that 
citrate/dithonite extracts were discarded and the 
sand fraction as separated by centrif ication was 
not fractionated further . 
ii . Examination of samples - the instrument used 
was a "Phillips PW 1310 diffract ion unit" . 
Instrumental conditions were as follows : 
50 kV and 20mA , using an all vacuum tube , i r on 
anode operated at divergence , r eceiving and 
scatter slits of 1° , 0 . 1° and 1° respectively 
with an Mn filter . Reflection was recorded with 
a proportional counter , a scanning speed o f 1° 
of 2 per minute was used , and pulse height 
selection was employed . The slides examined were : 
(i) Mg saturation with glycerol solvation at 20°c 
(ii) K saturation a t 20°c 
(iii) K sat uration heated to 375°c 
(iv) K saturation heated to 550°c 
+ Wherever possible the K saturated clay slide was 
0 
also the one which was heated t o 550 c . I n addition 
a pre-heating to 375°c took place and slides were 
X-rayed before final heating to sso0c and 
re - X-ray examination . 
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Mineral identification was in accordance with the principles 
outlined by Mackenzie (1967) and procedures detailed by 
Claridge (1969) and particularly Fieldes (1968b} for the iden-
tification of the inter- stratified minerals. Estimation of 
the relative abundance of the crystalline clay minerals identified 
followed the method outlined by Johnson et al (1963) as adapted 
for New Zea land conditions by Fieldes (1968b} and Cl aridge (1969) . 
(2) Differential Thermal and Infra-red 
Absorption Analyses 
For certain minerals, particularly matahalloysite and 
gibbsite , positive identification was not possible due 
to interference by second and third order reflections 
from interstratafied materials . In order to confirm 
the presence or absence of suspected minerals , a 
number of whole soil samples were subjected to DTA or 
IR Absorption after being ground to pass 100 mesh. In 
the case of the DTA the inert refere nce was calcined 
kaolin , whereas the IR absorption technique involved 
the formation of potassium bromide discs under a 
pressure of 10 tons. In all cases reference patterns 
were used to determine the presence or absence of minerals. 
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CHAPTER IV 
FACTORS OF THE ENVIRONMENT 
1 . GEOLOGY 
The basement rocks of the area are principally greywackes 
and argillit es with in which Gair (1962) found litt le macro-
scopic evidence o f met amorphism . On the basis of t he occurrence 
of fragments of what was considered to be the lamellibranch 
Atornodesma sp. they were thought to be of Permian age . Later 
Gair (1967) considered that these rocks were of Chlorit e 1 zone 
metamorphic grade and noted that they were of medium induration . 
A small , infaulted , outlier of Tertiary rocks of Arnold 
series (upper Eocene) age occurs on the divide between the head 
of the Meikleburn st r eam and the Mowbray (see Fig . 4 , Gair 1962) 
Gair considered these to be part of the Colliers Coal Measures 
formation and noted t hat they consisted of strat ified brownish-
cream carbonaceous q uart z sands over white quar tz sand wi t h 
pebbles; the junct ion between the two being identi f ied by a 
thin bank of sandy l ignite . Apart from a small loca l accumulation 
of outwashed quartz sands these sediments which are unconformably 
overlain by colluvial greywacke debris have no influence on soil 
formation in the area (Plate 4) . 
The older terrace and fan deposits have been correlat ed by 
Gair (1967) with the Burnham formation of the central Canterbury 
area. This formation has been allied with the Blackwater 
advance of the Otiran glaciation and has been correl a t ed by 
Suggate (1965) as having an age of from 22 , 300 to 20 , 000 years . 
However , in the light o f work carried out by Cox a n d Mead (1 963) , 
who considered t hat t he soils of the Templeton sur face (t he 
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Springston formation of Oborn and Suggate (1959) which was 
similarly correlated with the Blackwater advance) were aged 
between 3,000 and 6,000 years, it may be that the older alluvial 
gravels in the Mowbray area (shown as Burnham formation) are 
much younger in age that that suggested by Gair. 
Deposits of recent alluvium occur adjacent to the Orari 
and Mowbray rivers and along the courses of the majorit y o f the 
streams in the area . The later Quarternary hist ory o f t he 
region will be discussed below . The nature and age of t he flood-
plain, terrace and fan formations are discussed therein and con-
sequently the Pleistocene deposits of the Mowbray catchment will 
not be discussed further in this section. 
2. PHYSIOGRAPHY 
The Mowbray catchment may be considered as two separate yet 
intimately related physiographic units: 
(J.) Upper Basin 
The narrow upper valley of the Mowbray river , f l a nked by 
steep eroding hillsides , and separated by the Mowbray gorge and 
Lucas's Hill from -
(2) Lower Basin 
A broad area of more subdued relief which may be divided into -
(a) the watershed upland on the western and 
southern edges of the lower basin, and 
(b) the area of fan coalescence which occupies the 
central, northern and eastern sectors of the lower 
basin and is made up from the coalescence of 
i. the Mowbray fan , 
ii. the Orari fan , 
iii . the Meikleburn fan and Meikleburn floodplain . 
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Included with each of these subdivisions of the 
"area of fan coalescence" are the minor low 
fans on the periphery of the "watershed upland". 
The two stereograms (Plates 1 and 2) illustrate the two 
main regions and show the sub-regions within the "lower 
basin". Plate 3 offers a panoramic view of the "lower 
basin", as does the topographic sketch (Frontispiece) . 
(1) The Upper Basin 
Confined at its lower end by the Mowbray gorge to the east 
of Lucas's Hill, this area is surrounded on the south and west 
by steep , eroding hillsides reaching 4000 to 5000 ft above sea 
level . (Plate 20) To the east and north similar terrain occurs, 
but 3000 ft is the maximum elevation attained. These hillsides 
are covered with talus material which has been stabilised by 
vegetation, but towards the head of the valley, and in the heads 
of tributary streams, unvegetated screes occur. Bare rock out-
crops are also common in the head of the valley and on the southern 
and western watershed boundaries. The deep V-like incision of 
tributaries in this sector are indicative of current rejuvenation. 
A series of narrow terraces are developed at the northern end of 
the region and these can be traced through the gorge and onto 
the Mowbray fan surface of the "lower basin" . 
(2) The Lower Basin 
Fringed by rolling, hilly and occasionally steep-sided 
ridges which culminate in the 3000-4000 ft ridge of the western 
watershed of the Mowbray catchment, this region is split by a 
central line of south to north oriented low greywacke hillocks 
(Figure 4 and apparent in Plate 3) . 
PLATE 1 Stereogram Showing_ the Ue_e_~_!?.asin of the 
Mowbray Catchment 
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PLATE 2 Stereog_r~ Showing the Lower Ba~in of the Mowb~ 
with the Area_Q_f Fan Coalesc~!!_£_~in ~E;_._Q_ent~~ 
the Wa~--E~.E-~hed l:!_e,lan1_<2_~-~~-~d_.i_acent Hillside~ 
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(a) Watershed upland - the hillsides on the western and 
southern boundaries of this region, in contrast to the 
slopes in the "upper basin" , show evidence of erosion only 
on the edges of t heir rounded sununits . Upper parts of 
these hillsides t end to be convex, leading ont o broad 
ridge crests o f gentle slope. Lower slope l ocat ions tend 
to be concave and in contrast to that seen in the "upper 
basin " , there is little evidence of active gully erosion ; 
Often the lower courses of tributary streams , in this 
sector , are characterised by poorly drained alluvial soils . 
(b) Area of fan coalescence - the fans of the Mowbray and 
Orari rivers converge towards the central part of the 
basin where they are separated by the floodplain of the 
Meikleburn stream (Plates 2 and 3) . The Meikleburn stream 
rises in the area of the boundary between the two major 
regions and the small recent alluvial fan , and older fans , 
of this stream occupy the southwestern corner of the sub-
region. 
The fan surfaces slope at low angle towards the floodplain 
of the Meikleburn to the west of the line of l ow greywacke 
hillocks and represent the current stage of in f illing of a 
basin of previously greater depth . Older fans , associated 
with the Meikleburn , are of greater slope and were probably 
initially formed when the basin was deeper and the Mowbray 
and Orari rivers were less actively aggrading. 
In Chapter v the soils have been grouped together on the 
basis of their physiographic/parent material zone occurrence . 
The groups used in that Chapter may be equated with the physio-
graphic regions as follows: 
PLATE J Panorami_C2__View of the ~~~-~2_wbr~~n with the Southern ~C?__u_nd~ of 
the Catc~~ent on t~~-~~!..t-1!.~~~£_) _and_'{_t_~!_of the Lo'.!_er Basin l!owe!:_) 
0\ 
°" !).) 
(1) Floodplains , levees and bottomlands - the flood-
plain of the Meikleburn stream and peripheries of 
the Orari and Mowbray fans . 
(2) Terraces and younger fans - the area of fan 
coalescence and associated terraces in the gorge 
and upper basin. 
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(3) Older fans and rolling hillsides - the watershed 
upland, less the steeper areas right on ridge crests 
which are included with the : 
(4) Hilly and steep hillsides - the upper basin . 
3 . CLIMATE 
complete meteorological records are not available for the 
Mowbray catchment but rainfall records from the study area have 
been kept since 1963 by the South Canterbury Catchment Board . 
One gauge at Meikleburn homestead has been read daily , the other, 
situated at the confluence of the two main branches of the Mowbray 
is read on a monthly basis . Over a five year period these two 
gauges at 1800 ft and 2300 ft elevations , have respectiv ely 
recorded averages of 28 . 30" and 32 . 38" annual rainfall . 
Additional gauges within the whole of the upper Orari catchment 
do shed some light on the annual pattern of precipitation , which 
is shown in Figure 5. 
-· 
> 
PLATE 4. Tertiary q uartz sands (Arnold age ) - over l ain 
by colluvial creep material. 
PLATE 5. Lower end of upper basin with Tasman, Ash.wi ck and 
Mo~bray soils on the terraces . Tengawai hill soils 
occur on the slopes on the right and on the left 











Table 4 Annual Rainfall at Various Stations 
Throughout the Upper Orari catchment 
Site Elevation Average Annual 
ft . Preci,eitation 
Lochaber homestead 1600 30 .15" 
Meikleburn II 1800 ~8 . 30" 
Mt Peel Creek 2000 32.95" 
Mowbray 2300 32. 38" 
Quartz Creek 2400 (approx.) 32.89 " 
Orari Saddle 2500 50 . 10 " 
Look-up Stream 2900 42 . 96" 
Blue Mountain* 3400 35 .26" 
(* average over only two years records, all others 
based on five years observations) 
Records supplied by courtesy of South Canterbury 
Catchment Board . 
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Annual distribution of rainfall is shown in Figure 6 for 
Meikleburn, Lochaber and Mowbray , and the extreme monthly ranges 
for the former two stations are also indicated. These may be 
compared with the annual distribution of rainfall for the two 
nearby meteorological stations of Fairlie and Lake Tekapo . 
The Mowbray area seems to have a much greater month to 
month varia tion than either Fairlie or Lake Tekapo. The actual 
pattern of annual precipitation is remarkably similar for these 
two latter sites but this may be attributed to the relatively 
short period over which observations have been made throughout 
the Orari catchment . 
While the average annual precipitation at Meikleburn is 
quite similar to that experienced at Fairlie , it is probable 





at Lake Tekapo. This is because of the basin locality of the 
Mowbray area and the higher base leve l and the proximity of hills 
reaching to altitudes in excess of 5000 ft, and the influx of 
the nor'wester both from the upper Orari and up the Orari from 
the Phantom/ Hewson area. 
On thi ~ basis it is possible to make an assessment of the 
potential evapotranspiration or water need (Thornthwaite (1948) 
of the areas in the vicinity of the Meikleburn and Mowbray gauges. 
Table 5 shows a detailed breakdown of climatic data according to 
Thornthwaite's rational classification. Storage and storage 
change are based on a capacity of 4" (Thornthwaite 1948 p. 65 
and Hurst 1951 p. 7) . On this basis neither station is subjected 
to a water deficiency . Meikleburn experiences a surplus over 
and above water need of 5.42 inches and Mowbray has a surplus of 
9 . 50 inches, (Figure 7) . However , it may be seen that for four 
months of the year at Meikleburn the water need is greater than 
the rainfall , but towards the head of the valley at Mowbray need 
exceeds rainfall only during December and February . At Mowbray 
four months of the year may be considered as "dry months" when 
runoff is less than 0 . 5" . Meikleburn on the other hand 
experiences eight dry months per year . 
Hurst (1951) , noted that there was no essential difference 
in thermal efficiency (as shown by potential evapotranspiration) 
between stations on yellow-grey earths and those on yellow-brown 
earths . Consequently, it is valid to assume that P-E for the 
two rainfall recording sites, based on temperatures recorded at 
Lake Tekapo, will be almost identical . Hurst went on to note, 
however, the significance of the moisture index and surplus water 
in separating stations into either of these two main soil zones . 
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i.e . Moisture Index 
Yellow- grey earth - 2 . 5 to 29 . 5 
zone (avge 14 . 2) 
Transitional YGE - YBE 35 to 91 
(avge 51) 
Yellow- brown earth 68 to 208 
(avge 113) 




comparing the data from Table 5 with these conclusions of 
Miss Hurst, it will be seen that Meikl eburn falls into t he 
yellow- grey earth zone, probably towards the moister end of 
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this zone since at no time of the year is there a moisture 
deficiency, and Mowbray may be considered as being in the region 
of the yellow-grey earth to yellow-brown earth transition . 
A slight discrepancy does occur when comparin g the data 
from these two stations with the graph proposed by Miller (1958) 
for separating climatic stations into various soil zones and 
weathering sub-zones . On his diagram , the plotted positions 
for Meikleburn and Mowbray fall within the weakly weat hering 
sub- zone of the yellow- brown earths . However , considering the 









' a'r for Mowbray, these two can be l ikened 
to other stations with the same climatic types in the yellow-
grey earth and transitional yellow-grey earth to yellow- brown 
earth zones respectively. 
As seen from Figure 5 there is a projected increase in 
rainfall towards the head of the cat chment . In t h is regi on the 
soils would be expected to fall into the yellow-brown eart h zone. 
As there would not be an anticipated rise in annual temperature , 
rather a decrease in annual average temperature should be encoun-
tered , annual total potential evapot r a n spiration (Thornthwaite , 
1 948 , Garnier, 1951) would decrease . Thi s means , that with 
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this decrease in P-E , and a projected rise in moisture index , 
such soils occuring in this region would fall within the weakly 
weathering sub-zone of t he yellow-brown earth zone as outlined 
by Miller (1958) . Balanced against this deduction though, are 
the considerations of the lower water holding capacity of soils 
in the upper basin and greater runoff due to the stronger slopes . 
The greater part of the rain falling in the Mowbray area 
is derived from cold fronts associated with southwesterly air 
streams which follow the passage of a high pressure system and 
the associated nor'west er (Garnier, 1958). Some 81% o f the 
annual average precipitation at Meikleburn falls within groups 
of two or more days, obviously a result of the influence of 
these southwesterly air streams and their associated cold fronts. 
During these periods mist hangs low in the upper part of the 
valley and evapotranspiration is reduced to a minimum . 
Snow covers the tops of the watershed down to about 4000 f t 
for between three and five months each year , and often extends 
to 3000 ft for periods totalling between two and fou r months 
per annum . Fairlie experiences 1 57 days of ground frost (N.Z. 
Meteorological Service 1966) and it is certain that the Mowbray 
area has at least this number if not more frosts per year . In 
fact frosts may be experienced at any time of the year , the 
months of December and January being no exception (I . H. Beattie , 
pers comm) . 
4 . VEGETATION 
(1) Present Vegetation 
The present day vegetation of the Mowbray region falls 
into two broad categories . A short-tussock grassland community 
Table 5 Thornthwaite Climatic Indices for Two Stations in the 
1 • ~ikleburn 




unadjusted P-E cm 
Adjusted P-E in . 
Rainfall in. 
storage Change in. 
Storage in. 
Actual evap'n in. 
water deficiency in. 
water surplus in . 
Runoff in. 
Jan 
Mowbray Area Assuming an Annual Temperature Range Similar 
to that Experienced at Lake Tekapo and at Latitude of 
Approximately 44° South 
Feb Mar Apr May Jun Jul Aug ~ Oct Nov Dec 
57.3 56 . 8 54.0 48.4 41.4 36 .6 34 . 2 37.4 42 . 8 47.8 51.2 55.7 
14.0 13.8 12.2 9.1 5.2 2.6 1 . 2 6.0 8.8 10 .7 13. 2 
4 . 75 4 .65 3.86 2.48 1 . 06 0.37 0.12 0.46 1.32 2 . 35 3.16 4 .3 5 
7.3 7 . 1 6 . 3 4.8 2 . 7 1 . 4 0 . 6 1.6 3.2 4.6 5.6 6 . 9 
3 . 74 3 . 01 2 . 65 1.74 0 . 88 0.41 0 .19 0 . 57 1.25 2 . 12 2.71 3 . 61 
3.69 1 . 67 2 .99 2.74 3 . 20 1.29 2.25 2 . 02 1.33 1.93 3 . 37 1.82 
- 0.05-1.34 +0.34 +1.00 +2.32 0 0 0 0 -0.19 +0 . 66 - 1.79 
2.16 0 . 82 1.16 2.16 4.00 4.00 4.00 4.00 4.00 3 . 81 4.00 2 .21 
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0 . 47 
0 
0 
0.10 0 . 05 0.03 0.01 0 . 24 0 .56 1.31 1 . 38 0.73 0 . 36 0 . 42 0 . 21 
Year --
47 . 0 
I = 28.93 
22 . 88 
28 . 30 
22.88 
5.42 
5 . 42 
P-E = 22 . 88 inches 
5.42/22.88 = 23.7% 
0 
Moisture Index = 23 . 7% 
Humidity Index = Surruner Concentration 
Aridity Index = of Thermal Efficiency = 
Number of dry months == 8 Climatic Type = 
Humid , mesothermal, surruner concentration of TE, little or no moisture deficiency . 




Unadjusted P-E cm 
Adjusted P-E in . 
Rainfall in. 
Storage change in. 
Storage in . 
57 . 3 56 . 8 54 .0 48.4 41 . 4 36 .6 34 . 2 37 . 4 42.8 47 . 8 51 . 2 55.7 
14.0 13 . 8 12.2 9.1 5 . 2 2.6 1.2 3 .0 6 . 0 8.8 10 . 7 13.2 
4 . 75 4.65 3.86 2 . 48 1.06 0.37 0 . 12 0 . 46 1 . 32 2.35 3 . 16 4.35 
7.3 7.1 6.3 4.8 2.7 1 . 4 0.6 1.6 3.2 4.6 5 . 6 6 . 9 
3.74 3.01 2.65 1.74 0.88 0.41 0 . 19 0 . 57 1.25 2 .12 2 .71 3.61 
3.81 2.39 4.29 3 . 82 3 . 65 1.29 1 . 47 1 .71 1.82 2.67 3.22 2.24 
+0 . 07 - 0 . 62 +1.64 +0.28 0 0 0 0 0 0 0 -1.37 
2 . 70 2.08 3.72 4 . 00 4.00 4.00 4.00 4.00 4.00 4 . 00 4 . 00 2 . 63 
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I = 28 . 93 
22 . 88 
32 . 38 
22.88 
9 . 50 
Actual evap' n in . 
Water Deficiency in . 
water surplus in . 







Number of dry months = 
22 . 88 inches 






of thermal efficiency = 
Climatic Type = 
Humid , mesothermal , summer concentration of TE , no moisture deficiency. 
41.5% 
45 . 2% 
BB 'a'r 
2 1 
and a tall-tussock grassland community* (Hilgendorf 1935) . 
These are the short-tussock grasslands of Cockayne (1928) and 
snow-tussock grasslands of the Tussock Grasslands Research 
conunittee (1954) . 
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The short-tussock grasslands of parts of South Canterbury 
adjacent to the Mowbray area have been described by Allan (1927) , 
Ba rker (1953) and Connor (1964) . 
Fescue or hard tussock, (Festuca noae-zelandiae) and silver 
tussock , (Poa caespitosa) are the dominant species and matagouri, 
(Disca r ia toumatou) and blue tussock, (Poa colensoi) are of com-
mon occurrence . Introduced grasses, notably browntop , (Agrostis 
tenuis) and sweet vernal , (Anthoxanthum odoratum) are widespread 
throughout this community. Silver tussock is not as dominant as 
fescue tussock and appears, in the main , to be confined to the 
shallower stony soils of the flood plains or on some stony north 
facing slopes. Fescue tussock and matagouri on the other hand 
are cormnon associates (also noted by Barker 1953) and are wide-
spread over the dry fan surfaces , and on the dry soils over loess , 
or mixed loess and colluvial mat erials of the Sherwood and 
Tengawai series . Hilgendorf (1935) has indicated tha t silver 
tussock prefers the warmer more fertile soils while fescu e 
tussock is better tolerant of less fertile soils and grows on 
colder sites under hardier conditions than those preferred by 
silver tussock. Such ecological factors would account for the 
much greater occurrence of fescue tussock throughout the"lowland 
zone" of the Mowbray area . 
With increasing alt itude , short-tussock grassland gives 
* Ecological terminology used in this section is in accord with 
definitions offered by Atkinson et al (1968) . 
way to tall (or snow) tussock grassland on cooler, moister or 
less exposed sites . Barker has noted that in the Hunter Hills 
on east facing slopes, the transition between the two occurs 
at 2200 to 2400 ft above sea level . Connor (1964) suggests a 
transition zone between 2500 to 3500 ft above sea level and 
more realistically suggests that past grazing and burning, in 
addition to the moisture regime, has affected the position of 
this boundary. 
75 
In the Mowbray, the transition between the two grasslands 
is very strongly related to aspect . On north or northwesterly 
aspects the transition zone may be as high as 3100 ft while on 
south and southwesterly aspects it descends to 2300 ft above 
sea level. The average is probably in the region of 2800 ft 
above sea level. This transition seems to conform with the 
boundary between the hygrous yellow-brown earths and soils of 
drier character. 
The tall (or snow) tussock grassland community is here 
considered as one entity. Molloy (1963) considered thattwo 
communities existed in the zone designated as tall tussock grass-
land (Hilgendorf 1935), the Danthonia flavescens association of 
Allan (1927). In the Mackenzie country Connor (1964) described 
four separate grasslands in the snow (tall) tussock grasslands . 
In the Mowbray area this association is characterised by 
Chionochloa rigida (narrow-leafed snow-tussock) Celmisia 
spectabilis and on steep faces and ridge crests at higher levels 
by c. spectabilis and Chionochloa flavescens (?) (broad- leafed 
snow- tussock) . 
In addition to these species, a small shrub and herb 
community seems to be associated with the snow-tussock grassland 
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in these zones . At lower altitudes a small Hebe sp. shrub has 
been located, and a few occurrences of cassinia fulvida and 
Podocarpus nivalis have been noted . Hoheria glabrata (mountain 
ribbonwood) also occurs at this al~ itude, and as indicated by 
Allan (1961) , is confined to old stable screes. At higher 
altitudes, in locations where there is a slightly reduced snow 
tussock cover, Cyathodes colensoi , Helichrysum plumeum,Pimelia 
pseudo-Lyalli, Celmisia haastii , C. incarna and Raoulia s ubsericea 
have been identified. In moister environments , adjacent to seeps 
or on southern aspects Blechnum penna-marina , Rhacomitrium 
lanuginosum var . pruinosum and Pygmea pulvinaris have been observed . 
In addition, flax (Phormium tenax) was observed growing on 
Lookout soils and Carmichaelia sp . was found - in a few places , 
particularly on the drier stony scree and fan soils of this zone . 
In places Celmisia spectabilis becomes the dominant member 
of the community . This is particularly so on leeward slopes ; a 
feature which was also noted by Molloy (1963) {Plate 5) . 
In addition to these two main communities, a third com-
munity of restricted distribution occurs. This is a red tussock 
grassland community. The dominant species is red tussock 
(Chionochloa rubra) and this is associated with a Carex sp . and 
either hard tussock or snow tussock depending upon its p l ace of 
occurrence. Small patches of this community occur associated 
with small valley streams and in regions of hillside seeps . They 
may occur at any level up to about 3500 ft which is the highest 
recorded observation, and may be associated with either the 
short-tussock grassland or the snow-tussock grassland . 
The yellow-grey earths and yellow-grey to yellow-brown 
earth intergrades are covered with plants of the short-tussock 
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grassland corrununity. In moister locations snow tussocks are 
intermingled with hard tu ssocks , but one can very closely relate 
the snow-tussock grassland - short-tussock grassland boundary to 
the soil boundary between the upland and high country yellow-
brown earths and the drier soils. 
(2) Past Vegetation 
Wardle (1963) has surrunarised the extent of early Holocene 
vegetation at the height of the last ice advance with the 
statement, 11 ••• exposed l a nd surfaces in these mountains (of 
Canterbury and Westland) consisted mainly of unstable scree 
supporting only sparse vegetation . There would have been dry 
grassland on the Canterbury foothills ... 11 (page 14). 
By the climatic optimum , (demonstrated by Cranwell and 
Von Post (1936) of between 3000 and 5000 years ago forests and 
grasslands would have formed a continuous cover over most of the 
Canterbury area, (Raes ide 1948 , Molloy 1964 , Connor 1964, 
Wardle 1964) although some species would not have reached areas 
to which they were suited due to different rates of spread . 
This was particularly so in the case of Nothofogus sp . (Wardle 
1963, 1964) . 
Consequently one can envisage a similar situation existing 
in the Mowbray area to that pictured by Connor (1964) for the 
Mackenzie Country, 11 ••• The forest probably reached an altitude 
of 4000 to 4500 ft and there gave way to snow-tussock grassland 
dominated by Chionochloa rigida ..... Within the fores t zone 
small enclaves of both red and snow tussock grassland, while 
rock outcrops , river beds and recently developed fans would all 
support species now found in the tussock grassland ..... beside 
tributary streams red tussocks would flourish. A short-tussock 
grassland would occur on some flood plains . 11 (page 33 9) · 
The forest in the Mowbray area was probably a podocarp 
dominant mixed forest similar to that found on the flanks of 
Mt Peel (Allan 1926) . Podocarp logs identified as Podocarpus 
halli (Molloy pers comm) have been found at several sites up 
to 3500 ft above sea level. Charcoal from between 12" and 14" 
depth in seven soil profiles has also been identified as 
Podocarpus sp . It is not unreasonable to assume tha t small 
stands of beech fores t (containing one species , Nothofagus 
solandri var clif fortioides) , similar to that found on the 
southern aspect of Mt Peel (Allan 1926), also occurred on 
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similar aspects in the Mowbray area. There is no evidence , 
however, to indicate an extensive cover of beech forest. In 
fact, evidence presented by Wardle (1963 , 1964) suggests only 
very sporadic distribution of this forest in the Cant erbury area . 
Destruction of the forest by fire led to the evolution of 
short-tussock grassland , composed of discrete communities from 
within the forest or from t he alpine zone . During this period 
the snow-tussock grassland would have migrated down from the 
alpine and sub-alpine zones and mixed with the evolving short-
tussock grassland , extending throughout the once forested zone. 
The formation of a more extensive fescue-tussock grassland 
took place in more recent times and has been coupled with the 
climatic deterioration since the climatic optimum (Cranwell and 
Von Post 1936) . Burning and grazing , probably practiced in the 
Mowbray area since the 1860s has led to the replacement of much 
tall-tussock grassland by short- tussock grassland . In the early 
1940s the tall-tussock community was lower than Tripp Pass (2200'} 
(Cutler pers comm) . Heavy grazing and continued bur.ning in the 
later 19th century was probably responsible for the large extent 
of erosion which is evident in the headwaters of the Mowbray 
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(Tussock Grasslands Research Conunittee 1954 , Connor 1964). 
Connor (1964) has suggested that the great er resistance of red 
tussock t o fire has led to its patchy distribution at lower levels 
amongst the short-tussock grassland. He feels that as this grass-
land was associated with the tall-tussock grassland it indicates 
to a marked degree the former distribution of that grassland . 
Whether the short-tussock grassland will continue to 
encroach onto the tall- tussock grassland in the future is a 
matter o f conjecture . Certainly , the uniformity of height at 
which the transition between the two occurs and the fact that 
this marks a boundary between moister and drier soils, suggests 
that this boundary has now reached relative stability . All that 
is now required is the implementation of conservation measures 
in the sub-alpine zone to assist the regeneration and re-establish-
ment of the conununity. 
5 . LATER QUARTERNARY HISTORY 
(1) Late Burnham Times 
About 16 , 000 - 14,000 years ago (Suggate 1965), the final 
advance of the Otiran glaciation was t a king place . The climate 
was cool and dry and vegetation was sparse . Loess was blown out 
of the rivers on the plains and was deposited, on older weathered 
surfaces of the downs and plains (Raeside 1964). The snowline 
was possibly as low as 3500 ft (Willet 1950, Gage 1965), but 
this is an average figure and local conditions may have affected 
the snowline in several ways. In the Mowbray area , however, 
this would seem to be a fairly accurate estimate. 
I t is conceivable that d uring this time , loess should also 
be deposited in high country basins as well as over the downs 
and plains. Loess derived locally and possibly b lown into the 
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area from the Fairlie region to the southwest (Gage 1965 notes 
such prevailing wind directions p. 13) coated the hillsides, to 
a variable depth, up to the snowline. At elevations (and on 
the steeper slopes) near the snowline, periglacial conditions 
existed (Willet 1950) and the accumulatio!l>of loess were probably 
subjected to cryergic phenomena such as solifluction (Plate 21) , 
resulting in the formation of mixed loess and colluvial debris 
deposits. 
(2) Meikleburn Times 
With the gradual warming which accompanied the emergence 
from the ice age, the open sub-alpine vegetation of the area 
was invaded by tall tussock grassland. The tussock-grassland 
itself giving way eventually to a dominantly podocarp forest . 
The appearance of podocarps was due to: 
(a) their preservation in pockets on the plains 
during the ice advance, 
(b) the almost complete removal of beech from the central 
South Island area during the later Pleistocene, 
(c) the more rapid dispersal characteristics of the 
podocarps, (Cranwell and von Post 1936, Wardle 
1963, 1964, Harris 1964). 
At lower levels a short-tussock/tall-tussock community may 
have occurred in drier pockets within the forest. 
With the melting of the snow and the higher runoff from 
the then less vegetated surface following increases in precipita-
tion, erosion of some of the freshly deposited materials, and the 
older surface materials from above the old snowline, took place . 
This fan material was probably laid down at about the same time 
as the gravels of the St Bernard formation (Suggate 1965) and 
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the finer materials of the Springston formation (Suggate 1963) . 
Older fan gravels laid down by the Mowbray and Orari rivers 
during earlier inter-stadial periods were buried at this time. 
The later sediments encroached upon, but did not completely cover, 
the central Meikleburn stream area where finer deposits, due to a 
lower base level and reduced rates of flow, were being accumulated. 
The wide spreading of forests during this warming phase, or 
"hypsithermal period", variously dated as from 6500 to 2500 years 
BP (Cranwell and von Post 1936, Harris 1963), 7500 to 6000 years 
BP (Cox and Mead 1963) or around 9000 years BP (Hendy and Wilson 
1968), (Table 6), saw the culmination in the distribution of 
forests in the Mowbray area. The data obtained from pollen 
diagrams appears to indicate a change from podocarp dominant to 
beech forest over a wide time span. The dramatic appearance of 
the beech, considered as the beginning of a cooler period, 
occurred at varying times throughout the South Island (Moar 
pers comm) . It is not unreasonable to believe that a forest 
imbalance, as noted in more recent times by Holloway (1954) in 
Southland, occurred during this change to cooler conditions. 
Consequently, many of the recorded dates of change, based on 
vegetation alone, probably antedate the actual climatic transition 
by some time. It would seem more realistic therefore to believe 
the dates of Cox and Mead or Hendy and Wilson (Table 6) . 
(3) Templeton Times 
Following the onset of this cooler climate, there is 
evidence to show the occurrence of widespread natural fires over 
the Plains and downs area (Cox and Mead 1963) (Fergusson and 
Rafter 1959) (Moar pers comm), between 6000 and 6700 years BP. 
It is thought that fires at this time caused the destruction of 
the major part of the forest in the Mowbray area and led to a 
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the Mowbray and Orari a nd Meikleburn f a n s . This period o f 
aggradat ion can be correlated with the deposition of gravel s and 
loess forming the Templeton surface of Cox and Mead (1963) . 
Loess of local origin was depesited on the eroded surfaces of 
the older deposits of loess, and mixed loess and solifluct ion 
deposits , of the rolling and hilly lands , and on alluvial 
terrace and fan surfaces . 
(4) waimakariri Times 
Pockets of podocarp forest still remained in some moister 
locations but the major part of the Mowbray was invaded by the 
tall-tussock grassland descending from the sub-alpine zone . 
Periodic burning during the ensuing period (Cox and Mead 1 963 , 
Molloy e t al 1963) (Connor 1964) , coupled with a period o f wide-
spread flooding commencing about 2500 years BP (Cox and Mead 
1963) also affected the Mowbray area . At this time less extensive 
fan sediments were deposited on the Mowbray and Orari fans and 
in the upper Meikleburn area . 
(5) Polynesian Times 
The advent of human occupation and the widespread Polynesian 
burnings during a period of warmer and moister conditions are 
well documented (Table 6) . Widespread flooding at this t ime gave 
rise to additional deposits of gravels over the Mowbray and Orari 
fans and along the upper course of the Me i kleburn . Ther e was a 
probable period of very minor accumulat ion of loess of loca l 
origin at this period ; particularly at lower elevations on 
rolling and gently sloping stable fan surfaces . The few remaining 
pockets of podocarp forest were burnt at thisS:age . The few 
totara logs found in the Mowbray area may be correlated with the 






soil formation and probably reduced the supply of loess (Raeside 
1964) . A period of wetting and drying cycles as outlined by 
Raeside (1964) led to the formation of a fragipan in these 
palaesols. Widespread deforestation associat ed with burning in 
the cooler period following the climatic optimum led to a period 
of erosion followed by the initial rapid accumulation of loess, 
on the eroded surface of the fragipan in Templeton times . 
Periodic accumulations of loess since have kept pace with erosion 
until the most recent times. 
This surface is found on the rolling hillsides and near the 
crests of the lower hills and ridges, at lower elevations 
adjacent to the fan surfaces . Sherwood, Opuha, Skipton and 
Clayton soils are developed on this surface. 
(b) The "loess on mixed loess and colluvium" surface -
Loess deposited during late Otiran times at higher altitudes was 
subjected to mixing with underlying colluvial materials by 
cryergic phenomena (Gage 1965). Subsequent erosion following 
devegetation of the soils developed on this deposit during the 
post glacial climatic maximum left a bared surface of semi-
compacted mixed loe ss and colluvial materials . Subsequent 
depositions of loess, the thickness of which was controlled by 
exposure, angle of slope and the length and nature of the hillside 
above the sites of accumulation, occurred on these surfaces in 
the same manner as that outlined above. 
The "loess on mixed colluvium and loess" surface occurs at 
higher elevations, on steeper slopes and moister aspects than 
the "loess on loess" surface. Kakahu and Tengawai hill soils 
have formed on this surface. 
Plate 6 -
Plate 7 -
•,I l .! -~ :", .. 
colluvial gravels over an older deposit of 
mixed loess and fine colluvium on colluvium. 
Headwaters of the Meikleburn stream . 
Sub-recent terrace gravels of Templeton times 
overlying older colluvial fan detritus and 
being overwhelmed by more recent colluvial 
slope debris. 
fe:.:.e: , 
n de:r.:.s · 
'"'". c~ ••• vil-........ 
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bring fresh material from deeper in the solum into the upper 
solum. Thus, the soils on this surface show the effects of 
strong physical and only weak chemical weathering . 
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The "colluvium surface" is covered with snow for short 
periods annually and occurs a t higher elevations than the "mixed 
loess and colluvium" surface . Tekoa and Kaikoura soils occur on 
this surface, their fine earth fraction being due in a large 
part to deeper soil materials formed during the post glacial 
climatic optimum brought into the upper part of the present 
solum by erosion and mass movement . 
(e) The "greywacke rock proper" surface - On narrow ridges 
above the "colluvium surface" the physical and chemical weathering 
of greywacke rock in place has proceeded since the end of the 
Otiran glaciation . Because of the narrowness of these ridge 
crests they have continually supplied debris to lower slope 
locations during periods of erosion . As a consequence the soils 
have remained shallow, particularly during erosive intervals . 
Soils of the Kaikoura series , hill phase occur on this surface . 
Also included with this surface, and shown as such on 
Fig. 8 , is the much older surface on which the Kirkliston series 
is developed . This surface probably dates back to the last 
inter-stadial, at least, (early Burnham times) as the hirkliston 
series show much stronger morphological development than the 
Kaikoura hill soils . As it is of very limited extent , and as no 
firm conclusions can be drawn about its origin without extensive 
investigation in areas adjacent to the Mowbray catchment, it is 
not discussed separately. However, it is probable that at some 
stage it was far more extensive and formed a continuum with the 
"fossil" peneplain observed by Gair (1962) on Blue Mountain . 
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(f) The "older alluvial" surface - In the inunediate post-
Otiran times, rapid erosion of materials from moderately and 
steeply sloping hillsides occurred. This material was washed 
out into the lower basin of the Mowbray . These new fan deposits 
probably overlaid older gravels deposited during the preceding 
interstadial period (i . e . Burnham times) . Finer sediments 
accumulated on the fan extremities in a similar fashion t o that 
outlined by Mccraw (1965 , 1968) . Subsequent fan building has 
left these extremities uncovered or subsequent erosion may have 
re-exposed these older deposits of fine texture . coarse loess 
may have accumulated in places during post climatic optimum and 
later phases. Low ridges have been deflated by wi nd action thus 
tending to even out the surface. 
This "older alluvial" surface has given rise to the soils 
of the Meikleburn series . Such soils exhibit better profile 
development and generally finer textures than the soils developed 
on more recent alluvium . 
(g) The "rewashed loess" surface - Following the burning 
of the forest in the catchment at the end of the climatic optimum, 
increased runoff transported appreciable quantities of loess onto 
the floodplain of the Meikleburn stream. Fine materials eroded 
from the "older alluvial" surface also contributed to these 
deposits . The soils of the Wakanui series which covered this 
surface were originally seasonally poorly drained . 
The lowering of the base level about 3000 years ago due to 
lower sea level (Schofield 1963) assisted in improving the 
drainage of these soils and led to the development of deeper 
stream channels through this surface . Accumu l ation of loess in 
recent times has taken place over this surface (see Plate 19) . 
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(h ) The "sub- recent alluvial" surf ace - The increased 
erosion following the burning of the forests after the climat ic 
optimum also brought large amounts of detritus onto the fans of 
the Mowbray , Orari and Meikleburn in Templeton times . These 
deposits covered the coarser gravels of older alluvial surface 
on the central parts of the Mowbray and Orari fans . The gravels 
of this surface gave rise to the soils of the Mowbray series . 
Later deposits in Waimakariri times, on the edges of these fans 
and adjacent to the Mowbray river and Meikleburn stream, can be 
related to the lowering of base level about 3000 years ago 
mentioned above , and the widespread flooding of this period on 
the Canterbury Plains (Cox and Mead , 1963) . These later deposits 
were peripheral to the main parts of the fans and Ashwick soils 
are deve l oped on them . 
In more recent times t h e infilling of depressions by wind 
deflation of adjacent slightly higher channel lines has tended 
to even the surface . This process has also produced a complex 
of slightly deeper, less stony and shallower , more stony soils . 
(i) The "recent all uvial" surface - Widespread floodi ng , 
following the Polynesian fires (Cox and Mead 1963) inaugurated 
a renewed period of aggradation in the area . The Mowbray river 
was so far below the apex of its fan that the sediments were 
carried well downstream before they could be spread over the 
"sub-recent" and "older alluvial" surfaces . 
In the ensuing period following the early flooding much of 
the fine material was blown off these deposits , accumulating on 
the adjacent slopes as more recent additions of loess . A renewed 
period of aggradation following European burning and grazing 
deposited gravels over this surface and adjacent to the 
Meikleburn stream in its upper reaches . 
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During the period leading up to t he Polynesian fire s, slow, 
continuous deposition of fine sediments had been taking place in 
a small , shallow lake adjacent to the lower course of the 
Meiklebu rn. The increased runoff follow i ng the Po l ynesian fires 
increased the erosive power of the Meikleburn and led to the 
drainage of this lake , exposing the sediments to sub-aerial soil 
formation . 
All of these deposits have been grouped together as forming 
the "recent alluvial" surface. The well drained stony deposits 
of the Mowbray and Meikleburn have given rise to the Tasman soil s . 
The poorly drained sediments adjacent to the lower Meikleburn 
stream have formed Taitapu soils . 
Table 7 summarises the sequence of events leading up to 
the construction of these surfaces and the eventual formation of 
soils on them. In a later chapter their implicat ions for soil 
genesis will ue discussed and o t her than chronological methous 
of correlating the surfaces on the gently to strougly sloping 
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1. ARRANGED PHYSIOGRAPHICALLY 
(1) Soils of the Floodplains , Levees and Bottomlands 
Four major stages of sedimentation can be traced on the 
floodplains , terraces and fans of t.he Mowbray catchment . The 
first stage is considered ~o be post-Otiran in age , des i gnated 
above as Meiklebu.r.n times. Extensive fan formation occurred in 
the lower basin . Terraces formed at this time in the gorge and 
upper basin have been almost completely removed by subsequent 
erosion , or buried by l ateral fan aggradation (Plate 7) . 
Subsequent fan building in the lower basin has left only the fine 
toe sediments exposed . Meiklebu rn series have developed on 
these deposits. 
The second stage of fan and terrace forma tion occured in 
Templeton times. The c oarser sediment s of this period have 
given rise to the Mowbray series . Fine textured sediments eroded 
from t he earlier Meikleburn age sediment s on the Mowbray and 
Orari f ans we r e deposi t ed in imperfect ly drained l ocations 
between these two fans . To these rewashed deposits were added 
sediments carried by the Meikleburn stream from the adjacent 
eroding watershed upland . The s e deposits whic h have p robably 
received minor additions of rewashed mat erial in more recent 
times , have given rise t o the Wakanui series . 
The third sedimentary phase in Waimakariri t imes d eposit ed 
coarse alluvium on the periphe r ies of the established fans , and 
resul ted in the formation of terraces i n the go r ge and upper 
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basin. Coarse textured alluvium was also deposited in the upper 
reaches of the Meikleburn stream . Soils developed on alluvium 
of th is age are the Ashwick series. In addition , the slow 
sedimentation of fine textured alluvium from the Meikleburn 
stream and eroding adjacent watershed upland was deposited in a 
poorly drained depression between the two major fans . Evidence 
suggests that this depression existed as a shallow lake or swamp 
at one time. The finer sediments deposited in this environment 
are the parent materials of the Taitapu series. 
The final sedimentary phase followed Polynesian fires of 
about 900 years ago . Recent alluvium has accumulated adjacent 
to the Mowbray and Orari rivers and occurs as better drained 
deposits along the floodplain of the upper Meikleburn stream . 
The Tasman series is found on this recent a lluvium. More recent 
deposition of alluvium over the last 300 years has also taken 
place in these locations. Quick-test analyses of Tasman series 
have revealed the presence of these more recent deposits but the 
soils developed on them have not been separated from the Tasman 
series. The soils developed on these more recent deposits, 
however , may be correlated with the Selwyn series of Cox and 
Mead (1963), Ward et al (1964) and Cox et al (in press) • 
The youngest soils derived from the alluvial deposits of 
the floodplains , levees and bottomlands, the Tasman series , 
have A/AC profiles and overlie gravels at 10" to 12". Taitapu 
series, found in the bottomlands , are poorly drained and have 
turfy topsoils which overlie wet, gleyed , incipient B horizons 
and gleyed C horizons. On the old levees of the Meikleburn 
stream, Wakanui series have had a longer period of formation 
than the two former series and show distinct B horizon development . 
Weak gley characteristics are evident in this horizon which has 
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pale yellow or pale brownish grey colours. The underlying 
c horizon is more gleyed and often has a sandy clay loam texture . 
These three series have been respectively classified as recent 
soils, recent gley soils and yellow- grey earths. 
(a) Tasman series 
i. Described elsewhere - environmental range. Gibbs et al 
(1945) firs t described the Tasman series. They found these soils 
on the recent alluvial deposits of the wide valley floors of the 
principal rivers of the South Island high country . They said, 
"The soils cover the lowest terraces, and for the most part are 
shallow, stony , or sandy , and dry out rapidly" . Later, the 
series was extended to the drier valleys of the upper Awatere 
and Clarence by Gibbs and Beggs (1953). These authors considered 
that their occurrence in Marlborough under 30" to 45" of rainfall 
was under a drier climate than elsewhere in the South Island. 
Soil Bureau staff (1968a) considered the Tasman soils as those 
on greywacke alluvium, with some thin patches of loess, under 
fescue and blue tussock grassland and matagouri scrub, and in 
receipt of between 20" and 150 " of rainfall annually. They 
occur on flat to gently sloping flood plains and terraces and 
gently to moderately sloping fans between 900' and 2500' above 
sea level. Types included mainly shallow and stony sandy loams 
and silt loams . and all types were considered to be well drained . 
The Tasman soils grade into and are considered to be the 
upland and high country counterparts of the Waimakariri soils 
which have been mapped in the lowland regions, adjacent to the 
Mowbray area, by Raeside et al (1959) and Kear et al (1967) • 
Raeside noted that some waimakariri soils in the Geraldine county 
are derived from alluvium laid down during the Orari flood of 
1868. Kear et al have also noted a very youthful age for 
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waimakariri soils. Cox (1962), Cox and Mead (1963) , Ward et al 
(1964} however , have separated those soils of 300 years or 
younger age as Selwyn and related soils . Cox (1962) and cox 
and Mead (1963) suggest that the Waimakariri soils may be much 
older than this , and possibly originating following initial 
deposition as long ago as 2, 400 years BP . 
The Tasman soils have not been differentiat ed on a n age 
basis , but it is almost certain that both older and younger 
soils of the Tasman series occur in the Mowbray area . Consequen t l y 
in the Mowbray area all well drained soils from recent greywacke 
alluvium on floodplains , levees and channels in low fans have 
been grouped in the Tasman series. 
- Modal Profile 
Because Tasman series vary widely in form , it is dif f icult 
to generalise . However , a typical profile would probably be an 
A horizon of 8" of very dark greyish brown very friable sandy 
loam with weak granular and crumb structure over a very s t on y , 
brown to olive brown sand y loam AC horizon on a n olive b rown o r 
olive very stony loose coarse sand c . Textures vary from s il t 
loams to sands in the A horizon which may or may not be s tony 
or gravelly. Profile development is restricted to t he build- up 
of organic matter in t he topsoil . 
The few published analyses of the Tasman series show their 
chemistry to be dependent , to a very large degree, on the nat ure 
of the alluvium . cox (1962) notes that they are much more 
leached and lower in Truog and/or citric soluble phosphorus 
than one expects in recent soils . An analysis given by Bl akemore 
(1962) reveals a BS % of 27% in the A horizon and 18% in t he AC . 
The pII is 5 . 3 and 5 . 4 r espect i vely . Table 9 compares sets of 
-
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"quick-test" analyses quoted by Cox and by McFadden (1969) with 
two similar analyses for Tasman series in the Mowbray area . 
The wide range in chemistry of the Mowbray samples would tend to 
support the idea of older and younger soils in the Tasman series. 
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ii. This Survey - environment - In the Mowbray area Tasman 
soils occur as silt loams, sandy silt loams, sandy loams and loamy 
sands with stony and very stony modification. They are on level 
or very gently sloping terrain, usually have boulders and stones 
scattered over the surface and support a short tussock cornrnunity 
of hard, or silver and blue tussock and scattered matagouri . 
Raoulia sp. and native broom are common on both the younger phases 
and on the low ridges on the surface which are currently subjected 
to wind erosion. They are all derived from greywacke alluvium 
and are well and very well drained. It is not proposed to give 
profiles of all types mapped, since stony and very stony types 
are, except for their stoniness, similar to the parent textural 
type. 
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- Modal Profiles 
The Tasman silt loam is the only type which does not have 
boulders and stones apparent on the surface (but they do occur 





very dark greyish brown; very friab l e 
silt l oam wit h moderate to strong gran u l a r 
and crumb structure and rare fine gravel s , 
dark brown; very friable; very s t ony 
sandy loam with weak granular structure 
and many subrounded gravels to small 
boulders, 
olive brown; friable fine sandy silt loam 
with weak nutty structure and rare gravels . 
The Tasman stony silt loam and the Tasman very stony silt 
loam, because of their coarser components , and possibly because 
of a slightly longer period during which melanisation has been 
taking place, have deeper A horizons than the silt loam . Other-





very dark greyish brown; 
slightly stony silt loam 
strong granular and very 
structure; common small 
very friable ; 
with moderat e t o 
fine nutty 
stones , 
very dark greyish brown; very friable to 
loose; very stony silt loam with moderate 
nutty and granular structure; many sub-
rounded gravels to large stones , 
dark brown; loose ; very stony sandy silt 
loam with weak granular and crumb struct ure ; 
abundant gravels and large stones . 
In areas where t he contribution of alluvium has bee n 
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predominantly sandy or where finer material has been removed by 
erosion, thus concentrating sand size material amongst stones, 
the Tasman sandy loam and Tasman s tony and very stony sandy loams 
occur . An example of a Tasman sandy loam of young age on a 
low terrace is: 
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c on 
dark greyish brown; very friable sandy 
loam with very weak nutty aggregation 
breaking to weak granular and crumb 
structure, 
dark brown; extremely s tony coarse sand; 
loose and structureless with abundant 
gravels to small boulders of greywacke 
alluvium . 
A profile of a Tasman stony sandy loam found on the upper 
Mowbray fan in areas where there appears to have been considerabl e 




dark greyish brown ; loose , and tending 
to be fluffy; stony sandy loam, 
olive brown; loose to very friable ; stony 
sandy loam, 
olive brown; very friable ; very stony 
sandy loam . 
The Tasman very stony sandy loams have very thin profiles 
and are generally found on .bwer terraces or in old flood channels. 
Intermediate in texture between the Tasman silt loam and 
the Tasman sandy loam is the Tasman sandy silt loam (or "loam") 
These soils have similar morphology to that mentioned above but 
appear to be derived from either the early stages of wind 
deflation of low ridges or the washing and mixing of fines in 
small previously (slightly) eroded channels on the fans and 





very dark greyish brown; very friable; 
sandy silt loam with moderate granular 
and crumb structure, 
dark greyish brown; very friable; sandy 
silt loam with weak fine nutty structure; 
rare gravels and stones , 
dark brown; loose; very stony sandy loam 
with very weak granular and crumb; many 
gravels to small boulders, 
brown; loose and structureless; 
stony loamy sand. 
extremely 
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The types which characterise the most recently accumulative 
Tasman series in the Mowbray area are the sandy loam on l ow 
terraces and the Tasman loamy sand, which is confined to the 
upper part of the Meikleburn stream. A profile of the Tasman 




dark brown; loose; humic loamy sand with 
weak to moderate crumb and granular 
structure, 
olive brown; loose; very stony sand with 
very weak fine crumb structure; many 
subrounded gravels to large stones , 
olive brown; 
stony sand. 
loose and structureless; 
Near the headwaters of this stream a small area of very 
recent Tasman loamy sand occurs . This is associated with the 
eroding face of an outcrop of Tertiary quartz sands and displays 
only a weakly melanised thin A
1 
over almost pure quartz sand. 
In most cases it has not been possible to map the 
individual types separately. This is due to the complexity of 
the pattern of deposition and erosion on the floodplains , 
terraces and fans (see Figure 11, quadrat l, and Plates 1 , 17 , 18). 
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On the low terraces and floodplains, complexes of Tasman soils 
have been mapped, but on the fan surfaces, shallow Tasman soils 
occur in intimate association with deeper better developed 
soils and so have been mapped in association with such soils . 
The Tasman soils occurring in such associations probably result 
from two processes, either: 
(a) rapid wind deflation of poorly vegetated low ridges, or 
(b) subsequent deposition of wash material in old 
erosion channels following heavy rain , or late 
winter snow melt. 
As noted above, very little is known of the chemistry of 
the Tasman soils and it has not been possible during this 
survey to enlarge on current knowledge other than with the two 
"quick-test" analyses cited in Table 9. 
(b) Wakanui Series 
i . Described elsewhere - environmental range - The 
Wakanui series is spread throughout the eastern parts of the 
South Island in depressions in low terraces and on the fringe 
of former coastal swamps. Typically, they are derived from 
greywacke alluvium and loess, and experience a rainfall of 
between 25" and 35" . Originally, they supported a swamp 
vegetation and were imperfectly to poorly drained , but for the 
most part they have been drained and are in crops or pasture . 
However, during the winter months and following heavy rain , 
through drainage may be impeded by the heavier texture and poor 
permeability of the subsoil . A number of workers have identified 
and mapped these soils . Raeside et al (1959) , Ward et al (1964) , 
Fox et al (1964), Kear et al (1967), Cox et al (in press) . 
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- Mor phological Variability 
Wakanui series vary from shallow sandy loams through sandy 
loams and silt loams to clay loams. Shallow silt loams , silt 
loams on sandy loams and sandy loams on clay loams have also 
been identified . The shallow Wakanui soils usually overlie 
greywacke alluvial gravels at between 15" and 18" depth. 
Wakanui soils are distinguished by slight to distinct 
yellowish mottling in the subsoil . Kear et al have noted that 
clay loam subsoils have coarse brownish yellow and orange mottles, 
silt loams have diffuse orange mottles and sandy loams display 
reddish brown flecks. On the other hand , ward et al (page 39) 
consider that when the subsoil is sandy the mottles are large and 
even in colour . Where the subsoils are s il t loams or c l ay loams 
the mottles are small and "bright" (their word), grading from 
reddish brown at the centre to yellowish brown at the margins. 
- Modal Profiles 
Generally, wakanui soils have deep friable dark greyish 
brown topsoils with moderately developed granular structure. 
B horizons are usually moderately or strongly mottled with matrix 
colours ranging from pale olive grey through pale olive brown to 
pale yellowish brown . This horizon is usually firm and only 
weakly structured . The underlying c horizon is usually very 
firm, massive and strongly mottled and with grey to yellow colours. 
wakanui soils are moderately acid , have medium exchange 
capacities and are only weakly leached . Levels of exchan geabl e 
calcium and magnesium are medium to high but potash 
levels are low. 
ii. This survey - environment - In the Mowbray area , only 
two soil types have been mapped - Wakanui silt loam and Wakanui 
fine sandy silt loam . These soils are generally found in close 
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association with the Meikleburn soils and occur at lower levels 
and in less well drained locations than these soils . On the 
other hand , they occur on slightly higher rises adjacent to the 
Taitapu soils . They are derived from fine, rewashed alluvium 
and resorted loess which was laid down initially at the same 
time and continuing to a later time than the deposition of the 
finer sediments of the two major fans. 
The fine sandy textural influence in the upper part of the 
solum of some of these soils is related to more recent periods 
of aggradation. They originally supported a red tussock -
carex sp. association, but currently have a hard tussock -
Carex sp . associa tion on areas which have not been converted into 









very dark greyish brown; very friable silt 
loam with strong granular structure tending 
to very fine nutty structure towards the 
base of the horizon; a few brown mottles 
line root channels a t the base of the horizon , 
grey; friable heavy silt loam with weak to 
moderate nutty structure; common , fine, 
dark yellowish brown and olive brown mottles 
and with rare , reddish brown mottles 
surrounding pores and old root channels , 
grey ; friable silty clay loam with very weak 
coarse blocky structure tending to firm 
prismatic structure on drying; many, fine 
and medium, yellowish brown mottles and fine 
pale yellow patches adjacent to root channels; 
light olive grey; firm very fine sandy clay 
loam; structureless ; many, fine and medium, 
vertical yellowish brown streaks , 
-
(III) Cg on light olive brown ; friable , structureless 
sandy loam ; many fine and medium vertical 
yellowish brown streaks. 
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A Wakanui shallow silt loam , with gravels at 12-14" has 
been observed on detailed traverses, but, as it is of only very 
minor extent, it has not been described or mapped separately . 
The Wakanui fine sandy silt loam has been influenced to 
varying extents by the addition of more recent materials of fine 
sand size onto the surface of these soils and fo llowed by sub-
sequent incorporation into the profile by biological activity. 
An example of a fine sandy silt loam on a sandy loam is : 
(II) B2 g 
(III) C 
8" dark greyish brown; very friable fine 
sandy silt loam with moderate granular 
structure , 
4" olive brown; friable fine sandy silt loam 
with moderate nutty structure; common, 
fine and medium , pale yellowish brown and 
yellowish brown mottles, 
10" pale olive; friable sandy loam with very 
weak nutty structure; many, fine and medium, 
dark brown and yellowish brown mottles 
which become less distinct with depth, 
on pale yellow; very friable , stony loamy sand 
with very weak crumb-like aggregation; com-
mon subrounded greywacke gravels and stones. 
Layering observed in these soils reflects a history of 
periodic sedimentation . On a more detailed study it is most 
probable that these depositional phases could be shown to closely 
coincide with periods of aggradation on the Orari and Mowbray fans . 
There seems little evidence to support either the obser-
vations of Kear et al or ward et al regarding the size of mottles. 
In sandy subsoils mottles do appear more diffuse , and on heavier 
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subsoils they show greater colour contrast which does support 
ward e t al . However, heavier textured subsoils tend to have a 
predominance of streaky mottling, which is in accord with state-
ments made by Kear et al . Consequently, it would appear that the 
nature of the mottling in the Wakanui soils is only indirectly 
related to the texture of the soils and may be more aptly 
correlated with such factors as periodicity and duration of water-
logging, and the original content of minerals or organic matter 
capable of releasing iron oxides for solubilisation following 
weathering . 
(c) Taitapu Series 
i. Described elsewhere - environment Taitapu series 
occurs on low lying parts of valleys and flood plains. It is 
characterised by permanently high water tables in the undrained 
state and in the past it has been subjected to periodic flooding 
with a consequent accumulation of flood silts. The type profile 
(Soil Bureau Staff 1968b) is a weakly leached soil with thin solum . 
- Modal Profile 
The A horizon, of 10" thickness, is a very dark brown firm 
to friable silt loam with moderately developed granular and 
weakly developed nutty structure and with brown staining along 
the root channels near t h e base of the horizon. Below this is a 
gleyed cg horizon which is a grey silt loam with moderately 
developed coarse blocky structure which breaks to fine blocks and 
few medium crumbs. At 20 inches this horizon intergrades to a 
gley horizon. The transitional Cg horizon is a grey , very moist 
silt loam with greenish grey vertical streaks and diffuse 
yellowish red mottles and has weakly developed coarse blocky 
structure . 
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- Morphology and Chemistry 
Topsoil colours range from very dark greyish brown to 
greyish brown and pale grey , and structures are either nutty or 
granular. Subsoil colours range from pale brownish grey to 
bluish grey but almost all profiles described have either orange 
or greenish grey mottles, or both. The soil becomes firm and 
massive with depth. The principal type is the Taitapu silt loam, 
but shallow silt loams and sandy loams have also been reported 
(Raeside et al 1959, and ward et al 1964). In addition 
Fitzgerald (1966) has noted the occurrence of Taitapu heavy silt 
loams and sandy silt loams and the Soil Bureau Staff (1968a) 
have recorded a range in types from clay loams to sandy loams ; 
as have Kear et al (1967) . 
Taitapu series is slightly acid to near neutral, has high 
exchange capacity in the A horizon but low CEC lower in the 
profile . In a similar fashion, high levels of exchangeable 
cations in the A horizon decrease to low levels in the subsoil. 
The base saturation is very high throughout the profile. 
ii. This survey environment - In the Mowbray region 
Taitapu series occurs on the poorly drained floodplain of the 
Me ikleburn stream, and in the broad bottoms of some small valleys 
adjacent to this floodplain. These soils are poorly and very 
poorly draine d; although to the southwest of Kirke's road they 
have been artificially drained to some extent. In uncultivated 
locations this series usually supports a swamp vegetation of red 
tussock and rushes. In undrained locations, the water table 
varies between the surface and 12", while in drained locations 
the water level is usually depressed to 18" to 20". 
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- Morphology 
These soils vary somewhat in their morphology, particularly 
in the thickness and organic content of the A horizon (see 
Quadrat 2, Fig. 12). In a few places, particularly in shallow 
depressions adjacent to old narrow stream channels, a moderately 
deep £usually less than 12") turfy, organic A horizon may be 
seen. Occasionally, unweathered greywacke gravel and stones 
are encountered below 12"-14". In all cases the A horizons 
are very strongly root bound with a distinct root mat at the 
surface. 
Ta itapu series generally has an A horizon of up to 10" 
dark grey, friable (plastic and slightly sticky when wet) silt 
loam, which has moderate granular structure in the upper part 
giving way to moderate to strong fine nutty structure with depth. 
Yellowish red mottles commonly line root channels and aestivation 
channels are frequently filled with light coloured material from 
lower horizons. The A horizon has an irregular boundary with a 
thin. , incipient B horizon, which is generally a grey or greenish 
grey, plastic and sticky, silt loam or heavy silt loam. This 
horizon has many yellow, yellowish brown and orange mottles and 
has weak medium nutty or blocky structure. This horizon in turn 
lies on a Cg or CG horizon which is either grey or greenish grey 
in colour with varying proportions of mottling in yellowish brown, 
light grey and orange. Consistence and texture varies from very 
firm, silty clay loams to firm, sandy clay loams and this horizon 
is either massive and structureless or displays weak l::::bcky 
structure. On drying following drainage, the subsoils show very 
weak prismatic structure. Although only one t i pe has been mapped, 
slightly lighter textured profiles have been observed in very 
narrow stream channels slightly incised into this surface (see 
Fig. 12), and in a few places there is a very thin cover of 
--
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recently contributed flood gravels and sands . A typical profile 
of the Taitapu silt loam is: 
7" 
(B) g 5" 
(II) CG on 
dark grey; friable silt loam with moderate 
granular structure giving way to moderate to 
strong very fine and fine nutty structure 
with depth; with common , pale yellow and 
light greyish brown mottles and reddish 
brown coatings in root channels, 
greenish grey and yellowish brown ; friable 
to firm , heavy silt loam with moderate nutty 
structure; common, grey clay-skins lining 
vertical old root channels, 
greenish grey and brownish yellow; friable 
to firm, massive silty clay loam with very 
weak blocky structure; common grey clay-
skins in channels. Seepage water level at 
12 II• 
Those soils on the Meikleburn flood plain which have been 
affected by recent attempts at drainage occur adjacent to 
Meikleburn and Wakanui soils. A profile from this environment is: 
7 II 
AB (g) 3" 
(II) (B) g 4" 
(III) CGl 4" 
dark grey ; friable silt loam with moderate 
granular structure becoming moderate to s t rong 
fine and very fine nutty structure with depth ; 
yellowish red stains along root channe l s and 
some light grey mottles towards the base of 
the horizon, 
grey; friable sandy silt loam with moderate 
to strong nutty structure; many pale yellow 
and grey mottles, 
greenish grey; friable sandy silt loam with 
weak to moderate nutty structure; many pale 
yellow and brownish yellow mottles, 
greenish grey ; friable sandy clay loam with 
weak coarse nutty structure tending to firm 
weak medium prisms; light grey and yel l owish 
brown mottles , 
(III) CG2 
on light grey; very f i rm, heavy silt loam ; 
massive; common yellowish brown mottles 
and rare very fine manganese nodules . 
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The Taitapu soils of the Mowbray area show slightly better 
profile differentiation than the Taitapu soils of the type 
location (Soil Bureau Staff 1968b), or those described by other 
workers (see references above) , and as such may be slightly older . 
currently , the Meikl eburn stream is eroding into its bed in the 
regions where this soil is mapped , and the present alluvium of 
this stream is gravels and sands rather than silts . However , it 
is conjectural whether this apparent change in the character of 
the Meikleburn is a result of a change in base level , or is due 
to great er runoff facilitated by artificial drainage . 
(2) Soil s of the Terraces and Younger Fans 
These are soils of the Orari and Mowbray fans and the mid-
reaches of the Meikleburn fan. They can be traced upstream from 
the fan surfaces to terraces adjacent to the Mowbray river and 
the Meikl eburn stream. Periodic deposits of greywacke all uvial 
grave l s during post glacial times , with re l ated accumulat ion of 
windblown and/or water resorted loess in places form the parent 
material of these soils. The events leading up to the aggradation 
of the fans and terraces on which these soils are formed have 
been outlined in preceding sections. 
Wind deflation of low rises and sheet erosion of surface 
fines into adjacent channe l s and depressions has tended to l evel 
and subdue the outwash pattern . As a consequence the older sur-
faces have a more uniform appearance than the younger deposits , 
which show a complex pattern of old shallow stream channels and 
low interfluves. The variable nature of the alluvial gravels 
and subsequent erosion are the factors which have determined the 
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variations in soil type on these surfaces. Recent thin depositions 
of loess, however, have masked these differences in some places . 
Meikleburn, Mowbray and Ashwick series can be readily 
differentiated on a developmental basis. Ashwick series have a 
very shallow A horizon overlying a transitional horizon to a 
stony incipient B horizon which occurs between 6 " and 9" depth . 
Th is in turn gives way to a C horizon dominated by gravels and 
stones which in places have been cemented by vertically and 
laterally leached iron oxides. These soils have an A I AB I BC I C 
horizonation. 
Mowbray series have a similar appearance but show better 
development in the B horizon, which is invariably stony, and 
occurs between 10" and 12" depth. Underlying gravels show no 
evidence of compaction or cementation. These soils have an 
A I AB I B I BC or C horizonation. By contrast, the finer sedi-
ments forming the Meikleburn series show much greater profile 
development. A distinct colour B
2 
horjizon of 6" to 12" thickness 
is present, and stones are rarely encountered above the BC horizon 
at between 16" and 20" depth. 
Meikleburn soils have been classified as yellow-grey earth 
to yellow-brown earth intergrades and Ashwick and Mowbray soils 
are considered to be shallow and stony soils related to this 
grouping . 
(a) Ashwick Series 
i . Discussed elsewhere - environment Ashwick series 
was first described in Kear et al (1967). It is the youngest of 
the three soils mapped on the low-level fans and is developed 
over stony and bouldery greywacke fan alluvium. 
The soils of this series have a thin veneer of loess in 
110 
places but Kear et al (1967) note that generally they are shallow 
and stony, and are very well drained . They occur on flat to very 
gently undulating surfaces between 900 ft and 2000 ft above sea 
level. 
- Modal Profile 
The type profile, given by Kear et al (p . 89 and a l so p . 36 
of Soil Bureau Staff 1968a} has a very dark greyish brown f riable 
silt loam with strongly developed granular structure and 
scattered boulders giving way below 8" to a yellow friable stony 
silt loam with weak nutty structure . The C horizon below 17" is 
formed of compact greywacke gravels. 
A medial analysis, based on five profiles, reveals 
moderately acid, strongly leached soil with medium exchange 
capacity and medium to low levels of exchangeable cations . 
ii. This survey - environment In the Mowbray area , 
Ashwick series tends to be less stony and bouldery than at the 
type location in the Fairlie basin . This could be due to 
slightly greater accumulation of both wind-blown and su r face 
washed fines than elsewhere , and lower susceptibility to wind 
erosion due to less intensive agricultural practices . The 
occurrence of this soil on smaller fans than in the Fairlie basin 
could also be significant . On the Mowbray and Orari fans the 
association of this series with the Mowbray and Meikleburn series 
may derive from a combination of erosion of parts of those older 
sdls with contemporaneous deposition of wind-borne and rewashed 
fines. In addition, the Ashwick series is found on the next 
higher terrace above the Tasman series, adjacent to the Mowbray 
and Orari rivers and upper Meikleburn stream. They are also 
found on small valley (low-angle) fans overlying older terrace 
deposits (Profile MC 82 in Appendix 1) • 
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The Ashwick series generally supports a poor pasture of 
predominantly browntop with scattered matagouri. The soils are 
very well drained and stones are rarely seen on the surface 
although rare stones may be seen in the A horizons of some 
profiles. 
- Morphology 
soils grouped as Ashwick series in the Mowbray a r ea d i splay 
only weak profile development and have an A
1 
I AB I BC 
horizonation . Depth to C horizon or an underlying buried profile 
varies from 11" to 20" and the underlying substrata is usually 
compact . About 6" of very dark greyish brown, very friable fine 
sandy silt loam or gritty silt loam with moderately to s t rongly 
developed granular and some crumb structure , overlies a thin 
transitional brown coloured horizon with weakly to moderately 
developed granular structure . Below 9" a BC horizon of olive 
brown to light yellowish brown friable silt loam to sandy loam , 
commonly stony, with weak crumb and nutty structure , occurs . The 
underlying c horizon is usually a compact stony coarse sand, but 
in some cases may be a yel l owish brown or light yellowish brown 
stone free silt loam B horizon of a buried , older soil. 
Four soil types have been recognised , but in many cas es i t 
has proved difficult to map the true extent of each . And a lthough 
a homogeneous soil unit may be shown on the map , up to 50% of 
related Ashwick types may occur within the demarked boundaries . 
Profile Mc 82 (Appendix 1) is an example of the Ashwick silt loam 
as it occurs over an older buried soil . The profile may be 
abbreviated as : 
6" dark greyish brown (slightly dry) ; ve r y 
friable gritty silt loam with s t rong g r anu lar 
s t ructure ; rare small stones , 
BA 2 II 
BC 3" 
on 
yellowish brown (slightly dry) ; f r iabl e , 
slightly gritty silt loam with strong 
granular and moderate to weak nutty struc-
tures ; few stones and gravels , 
yellowish brown; friable , slight ly gritty 
stony silt loam , with moderate to strong 
granul ar and weak to moderate nutty str uc-
t u re ; common stones , 
light yellowish brown ; friable , gritty 
heavy silt loam with weak nutty structu re 
breaking t o moderate to strong granula r 
struc t ure ; few moderately to strongly 
weathered stones. 
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The Ashwick fine sandy silt loam is the most widespread of 
the Ashwick soils in the area . It tends to be stonier and 
thinner tha n the Ashwick silt loam and probably results from the 
wind erosion of fines from the surface of initially deeper soils . 





very dark greyish brown ; very friable , fine 
sandy silt loam with weak to moderat e 
granular structure tending to nutty s truc -
ture wit h depth , 
olive brown ; very friable , s t ony silt loam 
with weak crumb structure ; many greywac ke 
gravels and stones , 
olive brown ; very friable , very stony sandy 
silt loam with very weak crumb structure ; 
many greywacke gravels and stones , 
brown ; moderately compact , moderately cemented , 
extremely stony coarse sand; cementing 
material is dark reddish brown in colour and 
many stones have similarly coloured stains on 
their under surfaces . 
Soils grouped as Ashwi ck fine sandy loam and sandy l oam 
tend to be alluvia l accumu lative soils rather t h an deri vin g 
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their character either from recent thin accumulation of loess 
or deflation of existing deeper soils . They are found in the 
upper parts of the Meikleburn stream and in the Mowbray gorge . 
A profile of the Ashwick fine sandy loam is : 
12 If 
AB 4 " 
BC 4" 
on 
very dark greyish brown ; 
sandy loam wit h moderate 
structure and some weak 
appearing with depth , 
very friable , f i ne 
to strong granula r 
nutty struc t ure 
olive brown ; very friable , gritty fin e 
sandy loam with strong granular struc t u r e , 
light olive brown ; very friable , stony 
fine sandy loam with moderate granular 
structure ; common greywacke gravels and 
small stones , 
light yellowish brown; friable , heavy silt 
loam with moderately developed nutty s t ruc t ure . 
The Ashwick sandy loam is essentially similar in mo-r phology . 
The principal difference is the increase in the coarse component 





very dark greyish brown ; very friabl e sandy 
loam , 
dark brown ; very friable sandy loam; wit h 
a very broad irregular boundary to 
light yellowish brown; friable sandy loam 
with very weak nutty structure , 
light yellowish brown , very stony sand . 
It can be seen from the foregoing that the soils grouped 
herein as Ashwick series , while displaying a similarity of basic 
morphology may be two separate and different units . In fact , 
the compact and cemented s ubsoil usually found under the silt 
loam and fine sandy s i l t loam t ypes is a probable ind i cator 
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of a probable greater age of these two types . The Ashwick silt 
loam and sandy silt loam resulting from the wind deflation of 
what were once much deeper and apparently better developed soils . 
Apart from the similarity of morphology , however , their 
occurrence on the fans and terraces at levels below those of 
the Mowbray and Meikleburn series; or in the case of t h e 
profiles displaying buried horizons , overlying partial soils 
similar to the Mowbray and Meikleburn series ; is a strong 
unifying characteristic . No doubt a detailed investigat ion of 
their chemistry, especially in relation to iron movement , could 
aid in a more accurate assessment of their origin and hist ory . 
And although Claridge (1961) hesitates to confirm or deny the 
usefulness of iron as an indicator of weathering in soils 
derived from greywacke it would seem that the cementation of the 
underlying gravels and the red stains on stones at that level 
is almost certainly a result of iron mobilisation . 
(b) Mowbray Series environment 
This is a new series , proposed during this survey t o 
encompass soils of moderate profile development on o l d a lluvial 
fan and terrace gravels of the Mowbray, Orari and Meikleburn fan 
systems. On a previous survey they have been grouped wi t h t he 
Ashwick series (Fig . 2 - Soil Bureau Staff 1968a) . It is con-
ceivable that these soils are in fact closely related to the 
Ashwick soils, but it has been decided to identify and map t hem 
separately because of : 
i . their occurrence on terraces ab ove those occupied 
by soils identified as Ashwick series , 
ii . their occurrence on terraces being overwhelmed by 
low angle fans which exhibit soils correlated a s 
Ashwick series , and 
iii. the apparent greater degree of profile develop-
ment shown by these soils in relation to Tasman 
and Ashwick series . 
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The Meikleburn soils occur on older surfaces again and may 
be differentiated from Mowbray series, using the same crit eria 
used to differentiate the Ashwick and Mowbray series. The 
Ruapuna series does have a number of similarities with t he 
Mowbray series. The Mowbray series , however , does not show the 
same intensity of colour development in the B horizon as t he 
Ruapuna series nor is it characterised by a compact C horizon . 
Also, in the absence of adequate chemical data it was decided 
that the tentative proposal of two new series (i . e . the Mowbray 
and Meikleburn series) would be more satisfactory than an attempt 
to widen the range of established, sketchily defined sets (Soil 
Bureau Staff 1968a) and types (Kear et al 1967) . 
Mowbray series occurs on the low-level fans of the Orari 
and Mowbray rivers, on some low angle fans of the surrounding 
rolling hillsides and on terraces in the upper part of the Mowbray 
river . They overlie coarse greywacke fan and terrace a l luvial 
gravels and in places have accumulations of wind-blown fines. 
These soils support a discontinuous short tussock (hard tussock -
silver tussock) association with scattered matagouri appearing 
on the stonier soils and snow tussock occurring at higher 
altitudes. The soils receive between 28" and 35" of rain per 
year and are found between 1750 ft and 2700 ft elevation . They 
are free draining and in places stones are seen scattered over 
the surface. 
- Morphology 
In contrast with the Ashwick series, the Mowbray series 
displays slightly better profile development and has an 
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A I AB I B I BC horizon sequence . B and BC horizons are almost 
invariably stony and rarely have colours stronger than olive 
brown , or yellowish brown (10 YR 5/4) in the case of the Mowbray 
stony silt loam . A horizons are very dark greyish brown , very 
friable and have moderately developed granular struct ure . 
weakly developed nutty structure appears with depth a n d textures 
are corrunonly gritty. Two soil types have been recognised . A 




very dark greyish brown; very friable silt 
l oam with moderate granular and weak crumb 
structure, 
brown ; friable silt loam with moderate to 
strong fine nutty structure ; rare subangular 
large greywacke stones , 
olive brown; friable , stony , gritty silt 
loam with moderate fine nutty and granular 
structure; common subangular and rounded 
greywacke gravels to large stones , 
BC on olive brown ; friable , very s t ony , gritty 
silt loam with weak crumb structure; many 
subangular and rounded greywacke gravels 
, t o large stones . 
By contrast the Mowbray stony silt loam usually displays 
lighter colours in the B horizon and averages only about ll "to 
the base of the B horizon. A profile is : 
3" very dark greyish brown ; very friable , 
slightly stony silt loam with weak to 
moderate gra nular and s ome c r umb structure; 




brown; very friable , slightly stony silt 
loam with moderate fine nutty and moderate 
to strong granular structure; few sub-
angular greywacke gravels, 
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yellowish brown; friable, stony, gritty 
silt loam with moderate fine nutty structure ; 
common subangular greywacke gravels and 
stones, 
olive brown; very friable, very stony , 
fine sandy silt loam with very weak granular 
structure; many subangular greywacke 
gravels and large stones. 
It is probable that the Mowbray stony silt loam has been 
derived from the wind or sheet erosion (depending upon angle of 
slope of the fan surface) of a much deeper soil - possibly the 
Mowbray silt loam . Wind deflation appears to have been a common 
process on the fans in the Mowbray catchment and complications 
arise therefore if depth to gravels is used as the main 
criterion differentiating series . 
(c) Meikleburn Series - environment and related series 
These soils are derived from the oldest and generally 
finest fan deposits. On the Mowbray fan in particular , they are 
found in the classical toe locations as island remnants (Mccraw 
1968). On the Orari fan , their occurrence, especially in 
association with younger soils of various ages, is a little more 
difficult to reconcile with the current ideas on fan building of 
Mccraw (1968) , although carryer (1966) has suggested a mechanism 
for the preservation of older sediments towards the apices of 
fans . His explanation , however, takes no account of the size 
distribution of sediments through a fan depositional sequence . 
The surfaces on which the Meikleburn series is developed 
can be separated from the surfaces of the Mowbray series by 
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their generally more level appearance with a more continuous 
cover of short tussock grassland and with introduced grasses 
(notably browntop) on improved sites. Basically Meikleburn 
series has the same environmental range as the Mowbray series . 
Terraces of equivalent age are absent in the gorge and upper 
basin and consequently suggest a reduced upper altitudinal limit 
of 2400 ft for this series . 
Meikleburn profiles are better developed, showing a colour 
B horizon of 9" - 12" thickness, and the base of this horizon 
extends to 17" to 21" depth . Rare gravels may occur in the 
B horizon but generally stones are not encountered until the 
BC or C horizons are reached . An A
1 




I BC I c 
horizonation is apparent. Sherwood series which is also found 
on the lower fan of the Meikleburn, in association with soils 
of the Meikleburn series, usually has paler colours and firmer 
consistence in the subsoil, heavier textures throughout, and a 
compact BC or C horizon. 
- Morphology 
Meikleburn series has a dark greyish brown A horizon which 
is a very friable sandy silt loam with moderately to strongly 
developed granular structure . Below 9" to 10" the B horizon may 
be yellowish brown, light yellowish brown or rarely pale olive 
in colour, textures range from heavy silt loams to sandy clay 
loams and friable, weakly to moderately developed nutty structures 
predominate. Beneath the B horizon there may be a transitional 
BC horizon to a very stony weakly structured sandy loam or sandy 
clay loam representing a c horizon. In some cases a buried soil 
underlies the BC horizon. 
Two soil types have been recognised. A profile of the 




BC 7 II 
c on 
very dark greyish brown; friable silt loam 
with moderately developed nutty structure , 
light olive brown; friable silt loam with 
weak nutty structure, 
light yellowish brown; friable fine sandy 
clay loam with weak nutty structure , 
light yellowish brown; very friable , stony 
fine sandy clay loam with weak fine nutty 
structure ; common subrounded greywacke 
gravels and stones, 
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light yellowish brown; very friable , very 
stony sandy loam with weak fine crumb 
structure; many subrounded greywacke gravels 
and stones. 
In places this type overlies part of an older soil . Such 






very dark greyish brown; very friable silt 
loam with strong granular and very fine 
nutty structure , 
dark greyish brown; friable silt loam with 
modera t e to strong nutty and granular 
structure , 
12 11 olive; friable heavy silt loam with weak 
nutty structure; few subrounded greywacke 
gravels, 
4" pale olive; firm, very stony, heavy silt 
loam with weak nutty structure; many sub-
rounded greywacke gravels and stones, 
on light olive brown; very friable, slightly 
stony silt loam with very weak nutty structure, 
few rounded and subrounded greywacke gravels 
and stones. 
The detail of the survey has not allowed a positive iden-
tification of the underlying soil as a surface mapping unit . 
It is quite possible though that such an older soil may occur 
sporadically in places mapped as Meikleburn series . 
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The Meikleburn sandy silt loam has a similar morphological 
range to that of the Meikleburn silt loam , the principle 
difference being the lighter textures of the topsoil; probably 
a sedimentation phenomena associated with the deposition of the 
parent materials. A profile is: 
AB 
6" very dark greyish brown; very friable 
sandy silt loam with moderate to strong 
granular and nutty structure , 
2" dark 8reyish brown; friable silt loam with 
strong nutty and granular structure , 
11" light yellowish brown; friable to firm , 
heavy silt loam with moderate nutty structure; 
rare subrounded gravels; common , fine , grey 
vertical streaks towards base of the horizon , 
7" pale brown; firm, stony sandy clay loam 
with weak medium prismatic structure breaking 
to coarse blocky; many light grey streaks ; 
common subrounded gravels, 
on pale yellow; firm , very stony loamy gravels 
Time precluded a detailed examination of the chemistry 
and mineralogy of the soils on fans , terraces and floodplains . . 
It was possible, however, to obtain "quick- text" analyses of 
the 0-6" level of selected soils. These results are appended 
(Appendix 2) but do little to show conclusive differentiation 
between the well drained fan and floodplain soils. The 
imperfectly and poorly drained Wakanui and Taitapu series can 
be separated from the well drained soils, however , by their 
higher pH and Ca levels and lower levels of Bray-P . 
(3) Soils of the Older Fans and Rolling Hillsides (including 
related hill soils) 
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The formation and development of the soils of the older 
fans and rolling hillsides is directly related to periodic 
deposition of loess during late Pleistocene and post glacial 
times. Raeside (1964) has proposed a sequence of deposition of 
loess beds during the later Pleistocene and early Holocene. 
It is assumed that a similar sequence of events occurred in the 
Mowbray area but , due to the much smaller source of loess, 
compared with that contributing loess for deposition on the 
Canterbury Plains and downs (Raeside 1964), these earlier 
depositions were essentially thin. Erosion during the period 
between the waimaungan and Otiran glaciations (Chappel 1968) 
removed these earlier, thin, loessial deposits . Subsequent 
depositions of loess during the Otiran glaciation probably 
suffered the same fate , to a lesser or greater extent . 
For the most part the soils on older fans and rolling hill-
sides are derived from a thin loess deposit which appears to 
rest on an older loess or soil, the upper parts of which may 
have been removed prior to the later loessial accumulation. The 
older loess deposit generally occurs in the position of a C 
horizon in the present soils . On some terrain types, particularly 
those of the Kakahu hill and Tengawai hill soils , mixed loess 
and colluvial materials occur in the position of a C horizon and 
may indicate either: 
i. that older loess was deposited on such slopes at 
a time when active solifluction was occurring. Sub-
sequent erosion did not completely remove these mixed 
deposits and later loess accumulated on these sites 
at a time when solifluction was not active; or 
ii. that the whole mantle represents a relatively 
continuous period of loess deposition. The 
accumulation occurring at a faster rate than the 
agencies of the drift regime were able to effect 
complete mixing with underlying colluvial debris. 
The blanket of loess gradually induced stability 
preventing further mixing . 
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Because of the general absence of solifluction deposits in 
horizons above the BC horizon in these soils, and distinctive 
chemical and mineralogical contrasts between B and C horizons , 
t he former hypothesis is favoured . 
Soils derived from loess have moderately deep A horizons 
which are dominated by strong granular structures , silt loam 
textures and an irregular merging boundary with the B horizons. 
The B horizons of these soils have slightly heavier textures, 
light yellowish brown varying to pale olive brown or pale yellow 
colours and moderately or weakly developed nutty structure . 
They commonly exhibit weak coarse prismatic structure towards the 
bottom of the solum . The underlying loess horizon is yellowish 
brown to light yellowish brown in colour , has a slightly coarser 
texture, is usually moderately compact and brown clayskins line 
channels and pores . In some places weak garnmation is found and 
may extend upwards into the B horizon . 
Four soils were mapped on loess on these landscapes. Those 
on well drained, exposed sites range from Kakahu at the highest 
altitudes , formed from loess over mixed loess and colluvial 
materials, through Sherwood formed over loess on the d i-i·est 
sites , to Opuha series at lower altitudes on more sheltered 
aspects. Moisture conditions for this group are at an optimum 
in the slighter coarser textured Kakahu series. As rainfall 
1 23 
decreasing, 
decreases with' altitude , the effects of drier conditions a r e 
apparent in the Sherwood series which occur on exposed shedding 
sites . These effects are less noticeable in the Opuha series 
which are found on less exposed , more normal sites . Assoc iated 
soils on water cumulative (and slope-wash cumulative) sites are 
the Skipton and Clayton series . These series may be dis t inguished 
from the Kakahu , Sherwood and Opuha series by their heavie r 
textured , moderate l y (Skipt on) and strongly (Clayton) mott l e d 
pale subsoils . The relat i onship between these soils , a nd 
differentiating criteria are illustrated in Figures 17 a nd 18 . 
Sherwood and Opuha soils are classified as yellow- grey 
earths. Skipton , Kakahu and Clayton soils , because of better 
drainage , yet a lesser likelihood to dry out during seasonal 
drought and a greater degree of weathering , have been grouped 
with the yelbw-grey to yellow-brown earths intergrade . 
The yellow-grey earths have moderate to high level s of 
illite , interlayered hydrous micas and moderate amounts o f 
clay-vermiculite (1) . Slightl y greater amounts of secondary 
chlorite , and clay-vermicu l i te (2) , the latter a t t he expense 
of illite , characterise the yellow-grey to yellow-brown earth 
intergrades . This dist inction conforms closely with the 
pattern determined , by Fieldes in Soil Bureau Staff (1968b) . 
(a) Sherwood Series 
i. Described elsewhere environmental range , 
morphology and chemistry 
This series occurs over coarse loess, presumably of greywacke 
origin , on terrain ranging from very gently undulating to hilly 
between 1500 and 2000 ft above sea level and experiencing about 
31" of rain annually (Kear et al 1967) . The few ade qua t e 
descriptions available show a p rofile with about 8 " o f f riabl e, 
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strong nutty silt loam A horizon over a pale yellowish brown, 
friable, heavy silt loam B horizon with only weakly developed 
fine nutty structure giving way below 20" to a pale yellow , very 
firm and massive , silty clay loam. Brown and yellowish red 
mottles may occur throughout t he profile, but are not considered 
as a diagnostic criterion . 
The soil is strongly acid (Metson 1961 p. 168) with low 
base saturation , low levels of phosphorus and exchangeable bases, 
except for potassium, which has medium values . The cation 
exchange capacities and carbon/nitrogen ratios also have medium 
values . 
ii . This survey - environment Within the Mowbray area 
soils of the Sherwood series occur on a range of terrain and 
landform types with slopes ranging from almost level to strongly 
sloping, and up to 2500 ft above sea level. They occur in 
conformity with the climatic range proposed by Kear et al (1967). 
They are found on almost level to very gently undulating fan 
surfaces over resorted loess, sometimes with gravels in the 
lower part of the profile. On rolling and moderately steep 
hillsides they occur on convex hillslopes where the youngest loess 
layer is moderately thick. In the uncultivated areas these soils 
support a short/hard tussock - browntop sward , with scattered 
matagouri. The free drainage through the upper part of the 
profile is somewhat impeded lower in the soil by the compact 
and massive BC and c horizons which occur at between 18 and 24" 
depth. 
- Morphology 
Sherwood series shows A I AB I B I BC I C or D horizonation. 
1 2 
A very dark greyish brown silt loam A horizon gives way, through 
about 3" of transitional horizon to well developed, light 
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yeil.owish brown, heavy silt loam B horizon which has firm , 
moderately developed nutty aggregates . The underlying BC 
horizon has only weakly developed , often blocky structure , 
usually mottled brownish yellow and/or light grey. Textures 
range from heavy silt loams to sandy clay loams. The c horizon 
(or more correctly D horizon if it is an older loess layer not 
contributing to the present soil) varies in colour from yellowish 
brown to light yellowish brown and in textures from silt loams 
to sandy clay loams. weak prismatic structure associated with 
gammate cracks may extend upwards from this horizon through the 
BC into the ba~of the B horizon. Thin brown clayskins are 
common in pores in the C and/or D horizons . 
Found over a variety of terrain types, the Sherwood series 
has been mapped in the Mowbray catchment as the Sherwoodsi.lt 
loam and the Sherwood silt loam - hill phase. On the lower parts 
of the Meikleburn, adjacent to small tributaries draining the 
watershed upland is an extensive area of Sherwood silt loam on 





very dark greyish brown; very friable 
silt loam with moderately developed fine nutty 
and granular structure, 
light yellowish brown; friable silt loam 
with moderately developed medium and fine 
nutty and blocky structure, 
yellowish brown ; firm, heavy silt loam with 
weak blocky structure; many light grey and 
light yellowish brown mottles, 
yellowish brown; compact and massive, silty 
clay loam; thin brown and light brownish 
grey clay coatings in some channels and pores; 
giving way to silty gravels below 42" . 
-
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On hillsides the loess mantle seems to be thicker, and 
under tussock grassland the upper part of the A horizon is 
characterised by strong granular structure . A typical profile 
of the Sherwood silt loam - hill phase is: 
CID 
1 1 " very dark greyish brown ; very friable s i lt 
loam with strong granular structure giving 
way to moderate nutty structure in a narrow 
transition to the B horiz on , 
10" light yellowish brown; friable silt loam 
with moderate nutty structure ; many fin e 




very pale brown; friable silt loam with 
weak platey structure ; many orange mottles ; 
t h in clayskins along veins which pen e t ra t e 
into, 
yellowish brown ; moderately compact, mas s ive , 
heavy silt loam; few light grey mot tles; 
brown c l ayskins in pores and lining channels. 
A thin 3-4 inch transitional horizon characterised by 
aestivation burrows is usually present between the A and B 
horizons . B horizon colours may vary from light yellowish b r own 
to pale o l ive and occasionally fine black manganese speckles may 
be seen towards the base of the B horizon . A stony phase of the 
Sherwood Hill soils has been identified and is characterised by 
occasional subangular and angular greywacke stones occurring in 
the B horizon . Probably due to the downhill creep of greywack e 
slope detritus during the accumulation of the loess which forms 
the parent material of this soil . 
- Chemistry and Mineralogy 
Analysis of a profile from the Mowbray area indicates tha t 
levels of exchangeable bases and the cation exchange c a pac ity 
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are lower than modal values, but C/N ratios, nitrogen levels and 
base saturations compare favourably with the type profile (Kear 
et al 1967). The crystalline clay fraction is dominated by 
illite and interlayered hydrous micas with subsidiary, equivalent 
amounts of clay-vermiculite (1) , clay-vermiculite (2) and chlorite . 
(b) Opuha Series 
i. Described elsewhere - environmental range 
Although commonly derived from thick accumulations of loess , the 
soils of the Opuha series, particularly on strongly sloping 
hillSdes, have been recorded as developing over deposits of mixed 
loess and colluvial materials (Raeside and Baumgart 1947 , 
Raeside et al 1959, Kear et al 1967) . They occur over rolling 
to moderately steep lands under a climate which is characterised 
by 23-25" of rainfall (although Raeside suggests 30-40") and do 
not experience the extremes of temperature and marked seasonal 
droughtiness that influences the Sherwood soils . 
- Modal Profile 
They are characterised by somewhat impeded drainage wh i ch 
gives rise to a pale yellowish brown or brownish grey silt loam 
B horizon with many orange and rusty mottles. This horison d i s -
plays only weak nutty structure and gives way below about 18" to 
a yellowish brown, compact, massive C horizon. This soil is 
less acid and less unsaturated than the Sherwood soils but levels 
of most cations and base saturation are considered low (Metson 
1961) • 
ii. This survey - environment 
The occurrence of Opuha soils in the Mowbray area is restricted 
to a series of small sheltered locations, on low, often concave 
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hillsides of northerly or northwesterly aspect . They occur up 
to about 2,700 ft above sea level and probably receive less than 
35" of precipitation annually. T .ey support a mixed sward of 
dominantly hard tussock and brown top with scattered matagouri 
and broad-leafed snow tussock. 
- Morphology 
Opuha soils display A
1 
I AB I B
2 
I BC or s
3 
I c or D 
horizonation. They have 6 to 8" of A horizon with modera t e l y 
developed granular structure over a thin transitional horizon 
to a B horizon, which extends to a depth of between 17 and 20 
inches. The B horizon varies between yellowish brown and light 
brownish grey in colour , is usually mottled with yellow and 
orange colours and displays weak nutty structure. There is 
usually a transitional BC or B
3 
horizon above the C (or D) which 
is strongly mottled and compact , and either massive and structure-
less or displays weak prismatic structure. One type, the Opuha 
silt loam and a hill phase have been mapped. A typical prof i le 






dark greyish brown; friable silt loam wi t h 
moderately developed granular structure , 
greyish brown, transitional horizon; friable 
silt loam with moderate to weakly developed 
nutty structure, 
13" pale yellowish brown; firm silt loam with 




pale olive , transitional horizon; weakly 
structured firm silt loam , 
yellowish brown ; slightly compact and massive 
silt loam; many light grey and orange mot tles. 
12 9 
Morphologically, there appears to be little difference , in 
the Mowbray area, between these Opuha soils on rolling terrain 
and those on strongly sloping hillsides except that on rolling 
terrain, A horizons do tend to be thicker, and there is generally 
a greater thickness of solum. Occasionally on strongly sloping 
hillsides, the compact C (or D} horizon is absent and the stony 
lower solum overlies an uncompacted layer of mixed loess and 
colluvium below 14" to 16" depth . Lat erally the solum thickens 
to give the normal Opuha hill soil (silt loam} . This shallow 
phase has not been mapped separately but is indicative of both 
the variability likely to be encountered amongs t soils of this 
series, and the relatively shallow depth of loess accumul a tion 
on such hillsides. 
- Chemistry and Mineralogy 
The analysis of a representative Opuha soil from the Mowbray 
area is very similar to the modal analytical data for this s eries . 
Exchange capacity, however , is nearer the lower limit and as 
exchangeable cation levels are similar to the modal, the cal-
culated base saturation is medium rather than low . As with the 
Sherwood series the Opuha series appears to have the crystalline 
clay fraction dominated by illite and interlayered hydrous micas 
with subordinate but equivalent amounts of chlorite, clay-
vermiculite (1) and clay-venniculite (2). 
(c} Clayton Series 
i . This survey - environment 
A new series established tentatively during this survey , the Clayton 
series, occurs over a wide range of terrain classes from near 
level to strongly sloping. Soils of this series occur in concave 
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footslope locations adjacent to both low and high hills , at 
sites of distinct breaks in slope where the flushes occur. They 
also occur along broad shallow drainage channels in loess covered 
fans, particularly the upper fan of the Meikleburn. Clayton soils 
are poorly drained because they are receiving sites from both 
seepage waters and surface runoff . Consequently they vary con-
siderably in morphology, depending on the degree , intensity and 
permanence of saturation , the nature of the surface, and the 
angle of slope. In areas of recent loess accumulation they are 
developed over loess or rewashed loess. On strongly sloping 
surfaces they are usually derived from rewashed silts from 
eroding hillsides but often contain gravels and stones, both within 
the profile, and at shallow depth. In these locations they almost 
invariably reflect some characteristics of the several adjacent 
soils . They usually support a dense cover of red tussock and 
associated hard tussock . Tall rushes are common on the less 
steep slopes (Figure 16) . 
- Morphology 
Clayton soils on gently sloping footslopes below loess 
covered hillsides have moderately thick sola with distinct gleyed 
horizons . They have 10'' o f A horizon over a transitional horizon 
to a heavy textured gley horizon which rests on a gritty slightly 
compacted gleyed c horizon, i . e . an A
1 
I ABg I BG I CG or Cg 
horizonation. A typical profile of the Clayton silt loam is : 
ABg 
10" greyish brown; plastic and sticky silt loam 
with moderate granular and very fine nutty 
structure; common brown stains along root 
channels, 
6" transitional ; variegated orange and light 
olive grey; friable, heavy silt loam . 
(II) BG 5" 
(III) Cg on 
light grey; firm silty clay loam with 
moderate blocky structure; many orange 
mottles; few black manganese specks, 
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variegated, light grey and orange; moderately 
compact and massive, gritty silty clay loam. 
(Water level at 16") 
Sorting of sediments washed from the adjacent hillsides 
subsequent to the deposition of loess is responsible for the 
layering in these soils and the heavy textures of the B horizons . 
In many locations the upper part of the A horizon is commonly a 
muck (Leamy and Panton 1966) or is turfy (Soil Bureau Staff 
1962 p. 115). 
On the other hand on gently sloping fan surfaces in areas of 
poor drainage, Clayton soils generally have slightly coarser 
textured profiles and less pronounced gleying. The coarser 
textures result from the current weathering of the underlying 
older loess in the slightly eroded broad channel sites occupied 
by these soils. A typical profile from the upper Meikleburn fan is: 
A
1 
12" dark grey; highly humic, silt loam , 
Bg 7" 
Cg (x) on 
light olive grey; 
orange mottles, 
silt loam; many distinct 
variegated , grey and orange; slightly compact, 
gritty silt loam. 
(Water level at 8") 
In the region of seepages at the footslope of moderately 
steep hillsides and conunonly at concave breaks in slope in such 
terrain the Clayton hill soils occur. In such locations they 
are subject to both surface and subsoil flushing. water is 
usually at or near the surface, and a relatively deep, humic 
surface horizon is often present. Gley features are not so 
pronounced and stones commonly occur between 12" and 18". A 
typical profile of a Clayton silt loam - hill phase is: 
10" dark grey; gritty silt loam; with turfy 
upper surface, 
132 
(II) Bg 10" pale olive; gritty heavy silt loam; common 
orange mottles; some manganese specks, 
on light grey; gritty silt loam; manganese 
specks; many pale olive and orange mottles. 
(occasional small stones throughout profile) 
Stony and very stony phases with stones below 12" and 6" 
respectively have been recognised but have not been mapped 
separately . 
Initially, this series was correlated with the Waitohi 
soils of adjacent regions (Raeside et al 1959, Kear et al 1967), 
Soil Bureau Staff 1968a). The drainage characteristics and the 
landform associations , however, are quite different despite the 
occurrence of both soils in proximity to Skipton and Opuha series. 
In fact, it may be said, that previous surveys have done little to 
identify and separate gleyed soils caused by flushing (e.g. Clayton 
series) . Rather , such soils have been grouped as phases or sub-
types of adjacent soils . A new series was separated on this 
survey because it was considered to be an integral , yet distinctive 
part of the soil landscape . On a broader scale , however, due 
to the small areal occurrence , Clayton series would almost 
certainly be incorporated , or associated, with adjacent soils in 
much the same way as it has been necessary to associated small 
areas of this kind of soil with the Sherwood and Skipton series, 
on this survey. 
(d) Skipton Series 
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i . Described elsewhere - environmental range 
soils of the Skipton series were considered by Raeside et al 
(1959) and Kear et al (1967) to be soils of the downs margins 
(generally occurring on terraces of low relative relief , with 
imperfect drainage and receiving between 30" and 40" o f rain 
annually. They are developed over loess and resorted loess and 
are normally associated with the Opuha , Sherwood and Kakahu soils. 
- Modal profile and chemistry 
A dark greyish brown silt loam overlies a pale yellowish 
brown to pale greyish yellow, strongly mottled silt loam B 
horizon which in turn rests on a firm , massive , strongly mottled 
pale yellow or yellow silt loam C horizon. Skipton series is 
strongly acid and has low levels of exchangeable cations and a 
low exchange capacity . It usually has a slightly better nutrient 
status than the Sherwood series but base saturation figures and 
exchangeable cation levels are lower than those of the Opuha 
series. 
ii. This survey - environment 
In the Mowbray catchment two site conditions occur. Firstly , 
the Skipton series occurs on older, moderately sloping fans and 
on low hill surfaces . Secondly, hill soils related to the 
Skipton series occur on the less steep upper parts of low, convex 
hillsides above the opuha and Sherwood series (Plate 9) . They 
receive a greater amount of precipitation and are subject tD a 
wider range of temperatures than the Skipton series proper. It 
has consequently been necessary, duringthis survey, to extend the 
concept (outlined above) of the Skipton soils. Skipton series 
are derived from loess and resorted loess on gently to strongly 
sloping terrain up to 2,500 ft above sea level, and receive 
between 30" and 35" annual precipitation . Drainage is impeded 
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by the presence of a compact 11 loess-pan 11 in the lower sol um or 
sub- so 1 urn. 
- Morphology 
A 2" to 3" transitional horizon Sf:parates a very dark 
greyish brown , silt loam A horizon with strong granular a nd very 
fine nutty structure from a light yellowish brown to pale olive, 
silt loam B horizon below 10 ". The B horizon has moderately 
developed nutty structure and gives way to a compact , massive 
light yellowish brown , heavy silt loam or sandy clay loam , older 
loess in the position of a D horizon below 20 11 • Pale olive and 
orange mottles are common in the lower solum. Skipton series 
commonly shows an A
1 




or BC I C or D horizonation . 
The Skipton silt loam is developed over loess and possibly 
resorted loess. Drainage varies from imperfect to poor and in 
poorly drained sites this soil merges to the Clayton silt loam. 
vegetation comprises a close sward of browntop, sweet vernal and 
hard tussock, with scattered matagouri and broad-leafed snow 




very dark greyish brown; silt loam , 
dark greyish brown; silt loam; common rusty 
mottles along root channels , 
11 11 light yellowish brown; silt loam; many 
orange and light brownish grey mottles, 
on pale yellow; moderately compact silt loam; 
many pale olive and yellowish brown mottles . 
Structure is strongly to moderately developed throughout 
the upper solum and ranges from granular in the A to nutty in the 
B. The mottling and moderately developed structures in the B 
horizon help to characterise this soil. In addition , iron con-
cretions and manganese speckles are commonly found in the lower 
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B horizon. Raeside et al (1959) identified a "Skipton silt loam 
with concretions", but this phase has not been separated here as 
it is considered that the occurrence of either concretions or 
distinct orange mottles is a normal feature of the Skipton silt 
loam in the Mowbray area. 
On hillsides, the Skipton hill soils are generally closely 
associated with the Sherwood hill soils but occur in upslope 
locations where rainfall is higher. In these sites profiles are 
less mottled than the type and usually give way to a weakly com-
pacted C horizon between 1<:1 11 and 18". Below 24" colluvial gravels 
may occur . Manganese specks and iron concretions are not as 
common and are only found in moister, imperfectly drained 
sites. A mixed sward of broad-leafed snow tussock, hard tussock 
and rare silver tussock, with introduced grasses covers these 





dark grey; very friable silt loam with 
moderate to strong granular and very fine 
nutty structure, 
greyish brown; friable silt loam transition 
to the B horizon, 
light yellowish brown to pale olive; firm 
silt loam with moderate fine nutty structure; 
common pale olive and brownish yellow mottles, 
light yellowish brown; very firm silt loam 
with very weak coarse nutty structures; many 
light grey and yellowish brown mottles; few 
thin brown clayskins in some pores and lining 
channels. 
- Chemistry and Mineralogy 
There is very little chemical data available on the Skipton 
soils and the one Skipton analysis from the Mowbray area compares 
favourably with the published data . Base saturation figures 
Plate 8 
Plate 9 
Looking up the Mowbray gorge. Tasman soils 
on the lowest terraces, passing through 
Ashwick soils on intermediate terraces, 
Mowbray so:ils on the highest terrace remnants 
and Kakahu hill soils on the hillside. 
Slight irregular hollows seems to be a feature 
of the surface of the Skipton hill soils_ They 
may be a result of minor slumping with movement 
occurring along the upper surf ace of an under-
lying older loess layer . 
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seem to be slightly higher in the Mowbray area but are still low 
by overall standards (Metson 1961) , and both organic carbon and 
nitrogen levels are lower than analytical figures given by Kear 
et al (1967) . Interlayered hydrous micas, illite, clay-vermiculite 
(2) and metahalloysite dominate the crystalline clay fraction . 
Chlorite and clay-vermiculite (1) are present in only minor 
amounts . 
(d) Kakahu Soils 
i. Described elsewhere environmental range 
Kakahu soils occur extensively over the downs and downs margins 
of Canterbury and North Otago. They occur over rounded spurs 
and on undulating to hilly terrain . One type, the Kakahu silt 
loam, has been separated and the shallower related hill soil 
phase of this type occurs on strongly sloping hill sides . These 
moderately well drained soils are derived from loess which is 
generally at least 24" thick but on the steeper surfaces the loess 
may be thinner, overlying mixed loess and colluvial greywacke 
debris. Kakahu soils have been recognised under a rainfall range 
of 28" to 45" and up to an elevation of 2000 ft above sea level . 
- Modal Profile 
A typical profile usually displays a thin , very dark greyish 
brown silt loam A horizon with only weakly developed nutty and 
granular structure over a very thin transitional horizon to a 
light yellowish brown, friable to firm, weakly structured, silt 
loam B horizon. The c horizon is of similar colour and texture 
and is distinguished by its very firm consistence and marked 
increase in the numbers of yellowish brown mottles. Kakahu 
series is generally moderately acid with a medium exchange capacity 
and low base saturation and low levels of exchangeable cations. 
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ii . This survey - environment 
Within the Mowbray area two types occur , the Kakahu silt 
loam and the Kakahu stony silt loam and each has a related hill 
phase. These soils are developed from a thin layer of loess over 
a slightly compacted layer of mixed loess and greywacke col l uvial 
debris . In general , the s t eeper the slope the thinner the s urface 
loess layer. It seems that erosion , fol lowin g the initial 
deposition of the upper loess , reduced the thickness of s t one free 
material in the upper profile and that , in places , later (o r 
contemporaneous) mixing due to creep and/or solifluction has 
brought stones into the upper part of the profile giving rise 
to the Kakahu stony silt loams . 
The soils of the Kakahu series occur adj acent to and a t 
higher elevation than the Skipton , Sherwood and Opuha soil s . 
They are found on the upper parts of the rolling and hilly hill-
sides of the watershed upland under a hard tussock-exotic g r ass 
association which includes scattered broad- leafed snow tuss ock 
and rare matagouri. On hilly phases , the proportion of 
Chionochloa sp . increase and Celmisia sp. becomes prevalent on 
southern aspects. Kakahu soils experience a precipitat~on of 
30-35'' annually and are found up to 3000 ft above sea level . 
- Morphology 
The Kakahu silt loam on undulating and rolling terrain is 
essentially similar to the broad description given above. A 
typical profile is: 
6" 
3" 
very dark greyish brown; very friable silt 
loam with moderate granular structure , 
yellowish brown to light olive brown ; f r iab l e 
silt loam transitional ho rizon with strong 
cast granular struct ure , 
5" 
BC on 
light yellowish brown; friable silt loam 
with moderate nutty structure, 
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pale yellow; firm or very firm silt loam 
with weak to moderate nutty structure; few 
orange mottles; occasional subangular grey-
wacke gravels and stones. Textures become 
sandier with depth and stones become more 
prominent below 24". 
the structures are slightly better developed throughout than 
in the modal concept, and mottles in the lower solum are fewer. 
The latter feature may be a result of the lower precipitation 
experienced by these soils in this area and the former may be 
attributed to a more intensive soil faunal activity . These 






I BC I C or D horizonation. 
The related hill soil of this type shows essentially the 
same features as the profile above except for a distinctly gritty 
feel in the texture of the B horizon, the common occurrence of 
angular greywacke gravels and stones in the B horizon and commonly, 
a stony fine sandy clay loam texture in the C horizon. Profile 
MC 81 (Appendix 1) illustrates this phase (see also Plate 10) . 
The Kakahu stony silt loam has a similar appearance, except 
of course for the occurrence of stones throughout the profile. 
Stones occur in the A horizon and usually within 6 11 of the surface. 
Matagouri is more common than over the Kakahu silt loam. It is 
not uncommon in many places to find a stony A horizon over a 
B horizon, which is relatively stone free, resting on a stony, or 
very stony c horizon. Stones are generally not apparent on the 
surface of this soil. The hilly phase on the other hand has 
stones throughout the sol um , which rarely exceeds 16" in thickness , 
and stones are scattered over the surface. Soils of this type 
tend to show an Al I AB I B
2 
I (BC) I c or D horizonation . 





very dark greyish brown; very friable ; 
slightly stony si l t loam with weakly 
developed granular and crumb structure, 
dark greyish brown; very friable, stony 
silt loam with moderately developed nutty 
structure, 
light yellowish brown; friable , very 
stony silt loam with moderately developed 
nutty structure, 
light yellowish brown; friable very stony , 
fine sandy clay loam. 
140 
An eroded phase of the Kakahu stony silt loam has been 
identified but has not been mapped separately. This soil has a 
very thin (2"-3") A horizon on 6"-8" of light yellowish brown 
stony silt loam, B horizon over a very firm pale 
yellow BC horizon. S ones occur throughout the profile . This 
phase is confined to small steep areas in the heads and sides 
of small eroding gullies. 
- Chemistry and Mineralogy 
Apart from the exchange capacity which is lower in all 
horizons, the Kakahu silt loam follows closely the modal concept 
of this type . Exchangeable cations and base saturation are l ow 
and carbon/nitrogen ratios are medium to high. The related hill 
soils which are very strongly leached have very low base 
saturations , very low levels of exchangeable cations except 
potash, which unpredictably , is of medium levels (Metson 1 961) , 
and high carbon/nitrogen ratios. The higher altitude location of 
these soils relative to the Kakahu silt loam, and their receipt 
of slightly higher precipitation and runoff from above , coupled 
With their acquisition of previously weathered materials by slope 
Plat e 10 - Kakahu silt loam - hill phase , Notice the 
contrast between the A horizon of this profile 
and that of the profile in Plate 11 . 
Plate 11 - Tengawai hill soil (stony silt loam). Notice 
the irregularly sorted mixed loess and colluvial 
material of the compact subsoil . A thin 







wash, could adequately explain the obviously stronger leaching 
in these soils . 
141 
Kakahu series is dominated by chlorite , illite and inter-
layered hydrous micas in the crystalline clay fraction . But, 
more specifically the hill phases are dominated by chlorite, 
interlayered hydrous micas and clay-vermiculite (1) , while those 
on rolling terrain have higher percentages of illite instead of 
clay-vermiculite (1). The Kakahu silt loam also contains 
anomalously, moderate amounts of metahalloysite. 
(4) Soils of the Hilly and Steep Hillsides 
A wide range of soil types and environments are encompassed 
by this physiographic grouping . 
Soils vary from weakly weathered, 
moderately to strongly leached yellow-grey earths, to moderately 
weathered , very strongly leached high country yellow-brown earths 
and intergrades to skeletal soils. Rainfall varies from 30" to 
40" annually and altitudes range from 2,000 ft to more than 
5, 000 ft above sea level. At the lower elevations vegetation is 
dominantly short tussock grassland (fescue - tussock grassland 
of Connor 1964) . In most locations this grassland appears to 
conform with "Association B" of Barker (1953 p . 28) which has 
subdominant matagouri. Above 3,000 ft (Connor says 2,800 ft for 
the Mackenzie) the short tussock grassland gives way to a snow 
tussock grassland on exposed aspects facing NEto NW. This 
association is found at lower altitudes (2 , 200 ft ) on SE to SW 
aspects, where Celmisia spectabilis becomes subdominant (Plate 5). 
On higher slopes of northerly aspect where burning has recently 
occurred Celmisia spectabilis appears dominant (see Plates 13, 15). 
At lower altitudes most soils are developed on mixed loess 
and greywacke colluvial detritus. At higher altitudes and on 
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steeper slopes, where the contributions of aeolion material have 
been considerably less, and removal by sheet erosion has been 
more effective, the soils are developed from greywacke colluvial 
materials and also directly from weathering greywacke rock, in 
places on ridge crests . 
The occurrence of loess under colluvium in the Puketeraki 
and Lookout soils, and a small area of Tengawai hill soils, on 
the eastern margin of the upper basin is indicative of a previous 
period of stability when loess accumulation and rock weathering 
took place in situ . The activity of drift regime has effectively 
removed any such loess accumulations from more exposed sites, 
where Tekoa and Kaikoura series occur, and has led to mixing of 
loess and colluvial debris in the parent materials of the 
Puketeraki and Lookout series . The acquisition of recent deposits 
of loess, derived from adjacent eroding hillsides , on the more 
sheltered aspects of the upper basin occupied by the Puketeraki, 
Lookout and Tengawai series , is a possibility which should not 
be overlooked . 
Tengawai series occurs in exposed hillsides and adjacent to 
ridge crests at higher elevations than the Kakahu series . Soils 
of the Tengawai series are derived from mixed loess and colluvium 
and often have a surficial very thin loess deposit (Plate 11). 
They generally exhibit stony profiles of moderate depth which 
have rapid through drainage . They display pale coloured subsoils, 
firm and very firm consistence , and weak weathering, as indicated 
by a predominance of illite and interlayered hydrous micas . All 
features which are indicative of soil formation in the yellow-grey 
earth zone (Pohlen 1967, Fieldes 1962). 
Above 3000 ft (approximately) or on moist well shaded aspects 
the Tengawai soils give way to soils of "yellow-brown" basal 
form (Soil Bureau Staff 1968b Part 1 p. 21, and Pohlen 1967) • In 
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the Mowbray region the predominant subsoil colour of such soils 
is brown or pale olive brown. These soils are almost invariably 
stony and are thin or of moderate thickness. They have been 
extensively eroded in recent times (Gibbs et al 1945) • These 
s:ils are friable throughout the solum and have distinct crumb-
like aggregation in their topsoils and crumb and fine nutty 
structure in the subsoils . 
Lookout and Puketeraki series are derived from mixed deposits 
on old talus, high angle fans and steeply sloping hillsides. 
They are generally well vegetated and in many locations Celmisia 
~· dominates . They are almost invariably found on south or 
southwest aspects and show a thicker profile with greater develop-
ment than other "yel low-brown" soils of this group. Lookout series 
occurs at lower altitudes than 3000 ft and gives way up hill to the 
more distinctly yellowish- brown, Puketeraki series . Buried horizons 
of former soils are a common feature of both soils (see Figs 24 , 25). 
dl'\d 
Tekoa~Kaikoura series are found on stony eroding hillsides 
of northeasterly or northwesterly aspect . Tekoa series occurs 
at lower elevations than the Kaikoura soils, on the steeply sloping 
parts of hillsides above concave lower slope locations. Kaikoura 
soils occur at higher elevations than the thinner Tekoa soils 
(which have relatively shallow colluvial veneers over bedrock) and 
include hill soils on ridge crests. Deep colluvial deposits on 
these hillsides probably derive in part from eroding old once 
stable surfaces parts of which are represen t ed by the buried 
horizons in the Lookout and Puketeraki soils . On ridge crests 
the soils are thin and overlie weathering greywacke in places . 
Lookout series has granular and crumb structured, stony 
A horizons which are thicker than the stony , generally crumb 
structured A horizons o f the Puketeraki series. (B) horizons of 
both series tend to be light olive brown or light yellowish brown, 
are stony and have nutty and crumb structures . The generally 
shallower Tekoa and Kaikoura series have stony or very stony 
crumb structured A horizons. In the subsoil, the BC horizons 
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are brown or yellowish brown, very stony and have weak crumb struc-
tures. Tekoa series is separated from Kaikoura and Puketeraki soils 
by weaker profile development and a thinner solum . 
Kirkliston hill soils are found in only one small location 
which is thought to be part of an old moderately, deeply weathered, 
once far more extensive , penepl ain surface (Gair 1962) . These 
are the only "yellow-brown" soils which have a moderately deep 
stone free solum with a brownish yellow B horizon . 
Tengawai soils have been classified as hill and related 
steepland yellow-grey earths . Lookout and Puketeraki soils and 
Kirkliston hill soils are considered to be upland and high 
country yellow-brown earths . The Kaikoura and Tekoa soils are 
upland and high country yellow- brown earths in part and in places 
intergrade to skeletal soils. 
(a) Tengawai series 
i . Described elsewhere - e nv ironmental range 
Kear et al (1967) in describing the Tengawai series noted only 
one mapping unit , the "Tengawai stony loam" and conside red that 
it occurred only on steeplands. Soil Bureau Staff (1968a) , 
grouped the Tengawai soils as : 
"24a Tengawai steepland soils" including "stony 
silt loams and silt loams, mostly shallow". 
"24aH Tengawai hill soils" 
and stony silt loams" . 
including "silt loams 
Both groups of authors agree that these soils occur over 
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greywacke colluvium, greywacke rock (particularly in upper slope 
locations) and greywacke gravels with a thin cover of loess . 
These soils occur on steep and moderately steep h illsides , often 
with rock outcrops , up to an altitude of 3500 ft above sea level 
and in a zone receiving between 20" and 30" of rain. 
- Modal Profile 




8 11 very dark brown ; firm stony silt loam 
with strong granular structure, indist inct 
boundary , 
12" pale yellowish brown ; firm stony silt loam 
with strong nutty structure ; indistinct 
boundary , 
on pale yellow; firm , very stony, heavy silt 
loam; massive with fine blocky structure ; 
few distinct yellowish stains. 
The Tengawai soils are only moderately acid with medium 
exchange capacities and base saturations, and generally medium 
levels of exchangeable bases. 
ii. This survey - e nvironment 
Within the Mowbray catchment Tengawai series is found on both 
hilly and steep lands . Tengawai steepland soils are almost 
invariably very stony silt loams. Tengawai hill soils which occur 
as silt loams and stony silt loams are found on strongly sloping 
and strongly to steeply sloping hillsides, often extending into 
down- slope concave accumulative locations adjacent to Kakahu 
hill soils , and on convex , regressive, mode rate ly steep ridge 
crests . Tengawai series on hills are formed over mixed loess 
and greywacke colluvial materials on colluvial debris or shattered 
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greywacke bedrock. In some locations, especially adjacent to 
broad ridges where a thin veneer of loess has accumulated , or 
near breaks in slope on some of the higher ridges on sites where 
finer slope wash materials have tended to accumulate, the soils 
tend to be the Tengawai silt loams. Elsewhere they are stony 
silt loams. 
- Morphol ogy 
Tengawai silt loam generally has a continuous cover of 
broad-leafed snow tussock, hard tussock and exotic grasses , with 
scattered matagouri . In slightly moister locations , particularly 
towards the head of valleys , matagouri gives way to blue tussock 









very dark-greyish brown; very friable, 
gritty silt loam with strong granular 
structure tending to nutty with depth , 
yellowish brown; very friable , gritty silt 
loam with strong nutty structure , 
light yellowish brown ; friable , stony silt 
loam with moderate nutty structure ; common 
angular greywacke gravels and stones , 
light yellowish brown; friable, stony silt 
loam with weak nutty structure; common 
angular greywacke gravels and stones , 
becoming extremely stony below 26" . Stones 
are moderately weathered. 
Tengawai stony silt loam is fairly uniformly covered by a 
broad-leafed snow tussock - hard tussock association with sub-
dominant matagouri. A profile of this soil type is : 
A 7" very dark greyish brown; very friable, stony 
silt loam with moderately to strongly 
developed granular structure tending to nutty 
with depth; common subangular weakly 
weathered gravels, 
AB 3" 
B 3 II 
c on 
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brown; friable , stony silt loam with mode r ate 
nutty structure ; conunon subangular gravels 
and stones , 
olive brown; friable , stony silt loam wit h 
moderate nutty structure ; common stones 
and gravels , 
light yellowish brown; friable , stony silt 
loam with weak nutty structu r e becoming 
f irrner and stonier with depth; extremely 
stony below 22". 
Tengawai very stony silt loam formed on s t eep slopes i s 
generally of gritty texture , has rapi d through drainage , t hin 
so la , and is generally found on "shedding sites''. All of t he s e 
factors are consistent with the occurrence of these soils (and 
related stony hill soils) in an area of higher precipitation than 
normally accepted for this set (Soil Bureau Staff 1968a). The 
vegetative cover is incomplete and more bare ground is seen t han 
is the case with other members of this series . Broad- leafed 
snow tussock , hard tussock and matagouri incompletely cover a 
rurface of scattered stones, bare soil and smal l rock outc rops. 




very dark greyish brown ; very friable , s tony , 
gritty silt loam ; angular gravels and s t ones , 
dark greyish brown ; very friable , very stony , 
gritt y silt loam ; angular gra vels and stones , 
olive brown; 
silt loam to 
increasingly 
friable , very stony , gritty 
sandy loam; stones becoming 
abundant below 14 " . 
The profile is even thinner near rock outcrops where matagou r i 
and hard tussock become the dominant vegetation . A profile from 
such a site is : 
A 5" 
AC on 
dark brown; very friable , stony silt loam 
with weak granular and crumb structure ; a 
range of coarse fragments from subangular 
gravels to angular large stones, 
brown; very friable, extremely stony, silt 
loam with weak crumb structure; gravels 
and stones increasing rapidly with depth to 
large boulders of shattered greywacke . 
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On steep slopes Tengawai very stony silt loam, in some 
respects, has the appearance of an eroded phase of the Tengawai 
silt loam or the Tengawai stony silt loam. However, as the very 
stony silt loam has an almost equally well developed solum, even 
on steeper slopes, where one might expect the opposite to be the 
case, it is considered to be a distinct and separate soil type , 
and not an eroded phase of a related type . This makes the 
separation and identification of eroded phases of the Tengawai 
series difficult. As a consequence, for mapping purposes, when 
eroded phases of the Tengawai silt loam or Tengawai stony silt 
loam are found on steeper slopes, they have been grouped with the 
Tengawai very stony silt loam. On less steep sites, eroded 
phases have been grouped with the appropriate type . 
- Chemistry and Mineralogy 
One Tengawai silt loam profile and two Tengawai stony silt 
loams were analysed . All results conform with those from other 
Tengawai soils (Soil Bureau Records) , but are generally towards 
the lower limits of the ranges for base saturation and exchange-
able cations. Carbon/nitrogen ratios are generally higher than 
values here considered medial, and exchange capacity is also 
below the medial concept in all horizons. The mineralogy of the 
crystalline clay fraction compares with that considered typical 
of weakly weathered yellow-grey earths (Soil Bureau Staff 1969b) . 
Illite and interlayered hydrous micas are the dominant c l ay 
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minerals . Clay-venniculit e (1) dominates over clay- venniculite (2) 
which is also subordinate to minor amounts of chlorit e present. 
The three profiles examined chemically and mineralogically 
are developed from : 
44 loess on mixed loess and colluvium over greywacke rock; 
72 very th in loess on mixed loess and colluvium on 
colluvium ; 
85 mixed loess and colluvium on mixed loess and colluvium. 
Because of the overall simi l arity of their chemistry and mineralogy 
it is considered that the material , of a varied physical , chemical 
and mineralogical nature , which underlies the solum has little 
influence in the development of the current profiles . 
(b) Lookout Series 
i . Background - The Lookout series , which is described 
here for the first time is very closely related to the Puketeraki 
set . Soils of the Puketeraki set have been described (Soil 
Bureau Staff 1968a , 1968b) as occurring between 3000 and 5000 ft 
above sea level on "rolling t o easy rolling and some moderately 
steep and steep" (Soil Bureau Staff 1968a p . 268) terrain under 
a rainfall of between 40" and 80" annually . In other places in 
this thesis , soils conforming with the modal of a given set, but 
occurring outside the considered enviro~mental range of that set, 
have been given the set name and the limits of that set have been 
widened. The Puketeraki soils, however, have been defined in 
terms of a reference profile (Soil Bureau Staff 1968b) and con-
sequently those similar soils falling outside the requisite 
environmental range , as in the case of the Lookout series, have 
been given a separate and new name . 
ii. This survey - environment Lookout series is found 
----------~ 
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on strongly to steeply sloping and steeply sloping hillsides 
between 2500 and 3000 ft above sea level, on southerly or 
westerly aspects. Precipitation averages 35 to 40 inches 
annually, and due to the shaded aspect is probably more effective 
than the figures indicate. Soils of this series occur at lower 
elevations than Puketeraki and Kaikoura soils , but adjacent to 
Tekoa series and on shaded aspects of the lower altitudinal 
limit sometimes associated with Tengawai soils. They are found 
on well drained sites, but are subject to accumulation of eroded 
material from above. They are derived from an intimate mixture 
of loess and colluvial materials and may overlie buried horizons 
of older truncated soils (MC 64, Appendix 1) or colluvial material. 
- Morphology 
The A horizon is a dark greyish brown or dark brown , very 
friable, stony, gritty silt loam with weakly to moderately developed 
granular and crQ~b structure. Stones of angular greywacke detritus 
are moderately weathered. A stony, gritty silt loam transitional 
horizon of variable colour; usually brown to light yellowish 
brown, overlies a brown to light yellowish brown , friable , stony 
gritty silt loam with moderately developed granular and nutty 
structure. This B horizon is in turn underlain by a light 
yellowish brown friable, stony or very stony, gritty silt loam 
with weakly to moderately developed nutty and weak crumb structure. 
A typical profile of the Lookout stony silt loam is : 
9" 
AB 4" 
dark greyish brown; very friable, slightly 
stony silt loam with weak to moderate granular 
and crumb structure; few, angular, moderately 
weathered greywacke stones, 
brown; friable, stony, gritty silt loam with 
moderately developed granular and weakly 





yellowish brown ; friable , stony , gritty 
silt l o am with modera t e t o weak nutty 
struct ure ; common angular greywacke stones, 
light yellowish brown f irm , very stony silt 
loam with weak to moderate nutty and crumb 
structure and many angular greywacke s t ones 
and boulders . 
The surface of this soil is generally free of stones . 
Typical l y t his series shows A
1 
I AB I B or (B) I BC horizona t ion . 
- Chemistry and Mineralogy 
Analyses indicate a very strongly leached soil which i s 
strongly acid and has low exchange capacity and nitrogen levels , 
and very low levels of exchangeable bases . Mineralogical inves-
tigation of the crystalline clay fraction reveals that i llite and 
interlayered hydrous micas are dominant with equivalent levels of 
chlorite and clay-vermiculite (2) and only subordinate amounts of 
cl ay-verrniculi te ( 1) and metahalloysite . 
Only one type , the Lookout steepland soil (stony silt loam) 
has been mapped. An eroded phase of this type , characterised by 
a semi-continuous surface covering of large stones and a 
relatively thin A horizon was identified but is not shown on the 
"Soil Map", but does appear on Traverse 5 on the plot of the 
"Detailed Traverses" . 
Lookout series is differentiated from the Puketeraki and 
Kaikoura soils by a thicker solum (Fig . 24) , generally paler 
subsoils, their occurrence at elevations below 3000 ft above sea 
level and the generally stone free nature of their surface . They 
are separated from the Tengawai soils by their occurrence in 
moister sheltered aspects, the more weathered nature of greywacke 
fragments in the subsoil and the presence of distinct crumb 
structures throughout the profile. 
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Because of the tendency towards the deve l opment of 10YR 
hue colours in the B horizon , the presence o f crumb structures 
throughout the solum and the lack of a compact horizon these 
soils have been grouped with Puketeraki soils as hygrous , upland 
and high country yellow-brown earths (eldefulvic soils) . 
(c) Puketeraki Series 
i . Described elsewhere - environmental range 
Soils of the Puketeraki set occur on moderat e ly sloping and 
strongly sloping upper fan an1 stable scree surfaces adjacent to 
the high mountains. They are derived from colluvial and solifluc-
tion greywacke detritus with an admixture of loess blo~n off 
adjacent slopes, and sometimes with a thin capping of loess and/or 
fine slope- wash . They support a cover of snow tussock and 
Celmisia sp . often separated by bare ground; experience a rainfall 
of between 40" anu. 80" and occur between 3000 and 5500 ft above sea 
level. These soils are considered to have developed under beech 
forest . However , an average upper tree-line at 4 , 500 ft or even 
5000 ft during the climatic optimum , if one is to accept the 
postulated higher upper limit of Wardle (1963) , still leaves t he 
development of these soils taking place, in part , in a zone of 
alpine grassland and/or shrubland. 
- Modal Profile 
Profiles described from areas which are no longer forested 
reveal a dark greyish brown , very friable , crumb structured s i lt 
loam A horizon over a yellowish brown, silt loam to loam B 
horizon which has friable consistence and weakly developed crumb 
and nutty structure. The underlying C horizon tends to be a 
finn, pale yellowish brown , stony silt loam or loam with weak 
nutty structure . Puketeraki soils are moderately acid and very 
strongly leached . Cation exchange capacit y varies from medium 
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to low and exchangeable bases are low except for potassium which 
has medium levels . 
Data given for the t ype profile of the Puketeraki silt 
loam (Soil Bureau Staff 1968b) seems to indicate a composit e 
origin for that soil . Drift of more recent material , e ither 
f rorn upslope or by wind borne accret ion has accumu lat ed on a n 
older more stable su r face . Compos i te soils , described by Molloy 
(1964) and the author i n Hayward (1969) appear to be a fea ture 
of the Porters Pass area, the location of the Puketeraki r e f e r ence 
site (Soil Bureau Staff 1968b) . Thus it is not unreasonable t o 
assume a polygenetic origin for the Puketeraki silt loam at that 
site. 
Due to the almost level terrain and the composite profile 
this soil is not typical of the Puketeraki set (Cutler , pers comm) . 
However , Gibbs (pers comm) has said that as it has now been 
established as a "reference site" it must be considered as modal 
for these soils . Consequent ly , when morphologically simil a r 
soils were encountered on s t eep slopes in the Mowbray cat chme nt 
it was decided to map t hem as steepland soils related t o the 
Puketeraki set . 
ii. This survey - environment Within the Mowbr ay a r ea , 
Puketeraki series is for t he most part , confined to steepl y 
sloping hillsides of souther n or westerly aspect . As not ed , 
soils have been mapped as a steepland phase of this series . 
A Puketeraki silt loam and a Puketeraki stony silt loam have been 
recognised . A small area , too small to map , of a Puketerak i hill 
soil (silt loam) was recogn i sed high on the watershed (see MC 84 
Appendix 1) and this pro f i l e conforms very closely wi t h t he 
modal concept of the t ype . Rainfall is in the region o f 40-45" 
J 
annually and the sheltered aspects enhance the effectiveness 
of the incident precipitation . 
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Soils of the Puketeraki series in the Mowbray catchment a r e 
found under an often discontinuous cover of snow tussock (broad-
leafed snow tussock at lower elevations and narrow-leafed snow 
tussock at higher levels) , Celmisia sp ., blue tussock and ha r d 
tussock , often with much bare g r ound . Distinct "loamy " sc r ee s 
occur in association wit h th is soil and are considered as a n 
eroded phase of it . 
- Morphology 
These soils have a dark greyish brown or dark brown , g r itty 
silt loam A horizon which has moderately developed crumb and 
granular structure . A brown , gritty silt loam transitional horizon 
gives way to an olive brown B or (B) horizon below 10" t o 1 2" . 
The B or (B) horizon has a gri t ty silt loam texture and is com-
monly stony , although it generally is less stony than the ho r izons 
above . The greater stoniness of the upper horizons may be d ue 
either to more recent accumulation of drift materi a l on an older 
soil or result from the erosion of the fine component l eadin g to 
a resultant concentrat ion of the coarse earth fraction . Moder ate 
nutty and crumb structures in t he B or (B) horizon give way t o 
weak crumb structure in the olive brown , extremely stony BC/C 
horizon which occurs below 15" . The Kaikoura soils in the Mowbr ay 
area , by contrast have stonier , and more uniformly stony profiles , 
yellow brown colours in the BC horizon , a thinner solurn and show 
A I AB I BC I C or D horizonation . 
The Puketeraki silt loam on steeplands has a more mixed 
vegetation association t h a n the s t ony silt loam . A repres e nta t ive 
profile of the former is : 
A 6 " dark b r own; very friable , gritt y s ilt loam 




brown; very friable , stony, gritty silt 
loam with weak to moderate crumb structure 
and fine nutty structure; conunon , weakly 
weathered, angular, greywacke gravels and 
large stones, 
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olive brown; friable , very stony , heavy silt 
loam with weak to moderate crumb and fine 
nutty structure; many , weakly weathered , 
angular greywacke gravels and large stones, 
light yellowish brown ; firm , extremely stony, 
gritty silt loam with weak crumb structure; 
abundant , weakly weathered , angular greywacke 
gravels to large stones. 
Puketeraki stony silt loams support a dominantly snow 
tussock community , and inter- tussock areas are often covered with a 
thin litter of tussock foliage. These soils tend to illustrate 
more markedly the effects of the drift regime as subsoils are 
usually less stony than the surface horizons . A typical profile 
is MC 69 (Appendix 1) which is abbreviated here as : 




dark greyish brown ; very friable , stony , gritty 
silt loam with granular and crumb structure ; 
common , angular , moderately weathered , grey-
wacke gravels and small stones , 
olive brown ; friable , gritty silt loam with 
weak to moderate crumb and granular structure ; 
few greywacke stones , 
light olive brown ; friable, gritty silt loam 
with moderate nutty and crumb structure; few 
stones , 
light olive brown; firm , extremely stony, 
gritty , heavy silt loam with weak nutty and 
crumb structure ; abundant , moderately 
weathered , angular , greywacke stones and 
small boulders . 
Stones are littered discontinuously over the surface of 
both of these soil types . Often small outcrops occur which are 
Plate 12 
Plate 1 3 
Puketeraki silt loam , hill phase. A thin stone-
line , at the point of the knife is indicative 
of the composite nature of this soil. 
Surface of the Kaikoura hil l soils (stony silt loam) , 
looking towards Fiery Top along the south-
eastern boundary . The depleted appearance of 






responsible for wind erosion in that district (Raeside and 
Bawngart 1947). Strong react ion t o the "allophane field t est " 
(Fieldes and Perrot 1966) i ndicates as well , the presence o f 
poorly ordered hydroxy- alumina material , probably in the f o rm 
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of allophane , in the subso i l of MC 69 and the (B) horizon o f MC 84 . 
(d) Tekoa Series 
i . Described elsewhe r e - environmental and morphologica l 
range "The poo r shal l ow soils formed from g r e ywacke 
under beech forest on steepland between 1500 and 3500 f t a r e 
classed as Tekoa s t ony silt loam . . . A profile under past ur e on 
steep slopes is : 
4" 1 ight- brownish- grey , friable , stony silt 
loam with a weak fine granular to single 
grained structure , 
12" deep- yellow , slightly compact , stony clay 
loam on greywacke ... " 
(Gibbs and Beggs 1 953) . These authors considered that t hi s s o il 
occurred at lower elevations below soi l s of the "Kaik our a loams". 
Vucetich (1969 p . 54) agr ees with this position for the Tekoa 
soils in relation to the Kaikou r a steepland soils . 
A profile from unde r t ussock grassland given by the Soil 
Bureau Staff (1968a) is of similar appearance , showing a dark 
greyish brown crumb and g r anular structured friable s t ony silt 
loam A horizon over a yellowish brown , blocky and nutty s t ructured 
stony silt loam B horizon on greywacke rubble with silty mat rix . 
These Tekoa steepland soils which were originally under beech 
forest are found on steep slopes over greywacke , greywacke soli-
fluction debris and scree detr i t us , with some loess occur bet ween 
1200 and 3500 ft (Vucet i c h gives 3000 ft as upper l i mit) a bove sea 
level with annual precipita tion o f bet ween 35 " a nd 55 " ., 
A perusal of t h e Soil Bureau profile records , howe v e r, 
reveals that this simple straightforward concept has not been 
adhered to in grouping upland and high country steepland soils 
for the preparation of the maps for the Soil Survey of the 
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South Island (Soil Bureau Staff 1968a) • The records show , that 
in practice , two distinctly developed profiles have been grouped 
into the Tekoa set . 
One group of soils fits the concept outlined initially by 
Gibbs and Beggs (1953) and detailed above . The second group of 
soils included within the Tekoa set are found on strongly to 
steeply sloping hillsides over greywacke colluvial debris and 
supporting a hard tussock- silver tussock matagouri vegetation 
association. They have 6" to 12 " of very dark greyish brown to 
very darK brown gravelly or stony silt loam with friable consis-
tence and moderate crumb structure as an A horizon. The B horizon 
is a brown to dark yellowish brown , very friable , stony silt l oam 
with moderate crumb structure giving way between 15" and 20" to 
brown, loamy , greywacke colluvial gravels. These soils have been 
mapped within both the Tekoa steepland and Tekoa hill soils sets . 
- Discussion 
Consequently the problem arises as to what is the relation-
ship between the true Tekoa soils of Gibbs and Beggs and the 
latter group above; and whether this latter group is in fact a 
Tekoa soil at all? Or should these soils with brown stony silt 
loam B horizons be designated as another soil series? Vucetich 
(1969 p . 54) has intimated that Tekoa steepland soils, formed 
under forest , are different from Tekoa soils under fescue tussock 
grassland . He noted marked A horizon differences but did not 
record differences in the B horizon which may have existed between 
soils on these two sites . Thus, it is not possible to say , that 
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Table 10 - Chemical V~rLab~lity oL ~he Tckon Set 
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0 .. 2 
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Mg++ 
2 . 2 
1.5 
0 . 6 
2 .3 
Oo4 
0 .. 1 
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0 . 82 
0.30 
0 . 35 
0 .19 
0 . 06 
0 .. 20 
0 .. 15 
0 .11 
Na+ 
0 .. 30 
0.23 
0 . 10 
0 . 20 
0.13 
OclO 
0 . 15 
0 .. 12 
0.10 
Source - Soil Bureau Records ; S . B. Bull 27, Soil Bureau Bull . 9 
Upper r ange 
Medial values 
Lower range 
Uppe r range 
Medial va lues 
Lowe r range 
Uppe r range 
Medial values 





different vegetation associations , although it is highly likely 
that this may be the case. 
Soils similar to the latter profile above occur in the 
Mowbray area and they have been grouped with the Tekoa soils , on 
the basis of their lower slope occurrence adjacent to the Kaikoura 
soils , and their morphological similarity with the second kin of 
Tekoa grouping . There is, however , very little evidence to 
indicate a prior development under beech forest , and thus it is 
considered that they may be better assigned to another (probably 
new) soil series . 
ii . This survey - environment In the Mowbray area , 
soils of this form have been mapped as Tekoa steepland soil 
(stony silt loam). They occur on strongly to steeply sloping and 
steeply sloping hillsides , between 2500 and 3000 f t above sea 
level and over greywacke colluvial debris on greywacke or argillite . 
They support a broad-leafed snow tussock - matagouri - hard 
tussock association , are free draining and generally stones 
litter the surface . They occur on north to east facing aspects 
and give way on shaded aspects of the same ridges to Lookout soils . 
- Morphology 
The Tekoa stony silt loam has a dark greyish-brown , loose 
or very friable , stony silt loam , weak crumb and some granul ar 
structured A horizon . The B horizon is brown to yellowish brown 
in colour , has granular and crumb structure , and is usually a 
friable very s tony silt loamo This horizon gives way at between 
10" and 15 " depth to a brown or olive brown , friabl e , very stony 
gritty silt loam c or BC horizon with weak crumb and granular 
structure . 
Deeper profiles within these soils usually have a distinct 
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boundary between the A and B horizons : 
A 8 11 
(B) /BC 5 II 
C on 
dark greyish brown ; very friable , stony silt 
loam with weak granular and crumb structure ; 
common, angular , moderately weathered , grey-
wacke gravels ana stones , 
yellowish brown; friable , very stony , gritty 
silt loam with weak granular and crumb struc -
ture ; many , angular , greywacke gravels a n d 
stones , 
olive brown; very stony , gritty silt loam 
with weak crumb and granular structure ; 
abundant , angular , greywacke gravels and large 
stones; 
- shallower profiles resulting from more intensive erosion of the 
upper layers usually have very thin A horizons over a transitional 
horizon above the B: 
A 2" 
AB 5" 
(B) /BC 3" 
c on 
D 
dark greyish brown; loose , stony , gritty silt 
loam with weak crumb structure; corrunon , 
angular , moderately weathered , greywacke 
gravels and stones , 
brown ; very friable , 
with weak t o moderate 
fine nutty structure; 
moderately weathered , 
stones, 
stony , gritty sil t loam 
granular , crumb and some 
common , angular , 
greywacke gravels a n d 
yellowish brown ; friable , very stony , gritty 
silt loam with weak granular and crumb struc-
ture; abundant, angular , greywacke gravels 
and stones , 
olive brown , moderately compact, extremely 
stony silt loam with very weak crumb structure 
and abundant angular moderately weathered 
greywacke gravels and stones , 
Stones f o rm i ng an almost continuous phase 
below 14" depth. 
Stones are scattered over the surface of these soils and in a 
few places form an almost continuous stone pavement . 
- Chemistry and Mineralogy 
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Profile MC 77 which has been analysed , may not be completely 
typical of these soils because of its derivation from mixed 
greywacke and argillite colluvium over argillite. However , it 
does conform chemically with the medial range for the Tekoa soils 
and certainly within the very wide limits of chemistry revealed 
by Soil Bureau records for this set (Table 10) . The very wide 
range of chemical conditions is no doubt due to the grouping of 
a wide range of not particularly similar profiles into this set. 
Tekoa stony silt loam is only moderately acid, has a high 
level of "available " phosphorous, medium levels of exchangeable 
bases and a medium exchange capacity. Because of its shallow 
and stony nature this profile has medium levels of organic matter 
and high nitrogen content throughout the profile. This is a 
weakly weathered soil (Soil Bureau Staff 1968b) in which illite 
and interlayered chlorite dominate. Appreciable quantities of 
metahalloysite do occur but this material may have been derived 
from elsewhere rather than from weathering in place . A comparison 
of the Pa : Po:Pf as percentage of total phosphorous {Walker 1965), 
however , does tend to indicate much stronger weathering in these 
soils than the clay mine ralogy reveals (see Figures 21, 22 , 23, 26). 
An obvious explanation of this anomaly is that in fact this soil 
is a mixture of fresh detrital material and old weathered material. 
The source of the latter material, however, is not as apparent . 
(e) Kaikoura Series 
i. Described elsewhere - environmental range 
By far the most extensive soil in the South Island high country 
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(Long 1966), this soil set has been recorded in many areas since 
the earliest surveys in high country areas . Gibbs et al (1945) 
recognised one type , the Kaikoura loam and three phases (t wo on 
a terrain basis and one on a subsoil colour basis) . Gi bbs and 
Beggs (1953) pushed for pluralit y in their definition of this 
soil noting that the , " Kaikoura loams comprise a sequence 
of shallow silt loam , l oam and sandy loam soils II . . . . The Soil 
Bureau Staff (1968a) grouped all Kaikoura soils in t he Kaikoura 
steepland soil set , noting t hat this encompassed sil t l oams, 
sandy loams and stony loams . Vucetich (1969) emphasised t he 
stony and eroded nature of the Kaikoura steepland soils , not ing 
that bare screes and stone pavements were a common fea t ure o f 
this set . He also observed that soils on rolling and hilly l ands 
which were equally susceptible to erosion when bared were also 
included with the Kaikoura steepland soil set . 
The Kaikoura soils occu r over greywacke and greywacke 
solifluct or talus det ri t us , somet imes with an admixture o f wind-
blown fines . It supports a snow tussock grassland asso ciat i on 
with subalpine scrub , and some beech forest in places , on s t eep to 
very steep hillsides with narrow rolling ridges where rock outcrops 
are common. They are found between 2500 and 5500 ft above sea 
level (Vucetich 1969 records 4000'-6000') and receive a precipita-
tion of between 40 and 75 inches . Gibbs et al (1945) noted , 
however , that these soils do develop under a rainfall of 30" and 
added that , "In Canterbury , Kaikoura soils appear to need at 
least 40" of annual rainfall or an altitude of 3000 f t for their 
development . .. " 
- Modal Profile 
The medial concept of a Ka i koura soil is an A hori z on with 
between 5 " and 8 " of dar k g r eyish brown or dark brown v ery f riabl e 
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silt l oam with strongly developed crumb structure . The B horizon 
is a yellowish brown or brO,:-nish yellow friable silt loam with 
moderate nutty and rare crumb structure* and this gives way 
below 15-17" to light yellowish brown loose stony silt loam or 
sandy loam . Textures may vary to sandy loams or even loamy sands 
but stones are rarely encountered until the c horizon is reached , 
although both profiles quoted by Gibbs and Beggs (1953) exhibited 
stony B horizons, the Soil Bureau Staff (1968a) noted the 
occurrence of many truncated profiles capped with stone pavements 
and Vucetich (1969) considered that these soils were stony through-
out the profile. This lack of stones in profiles on steep slopes 
is rather unusual when one consider·S that Gibbs et al (1945) 
conside red that more than 73% of the Kaikoura loams on moderately 
steep slopes were subjected to moderate or stronger degrees of 
accelerated erosion . Of this percentage, 42.5% of these soils 
were either severely or extremely eroded . 
ii. This survey - environment and morphology 
In this context, in the Mowbray catchment , three soil types within 
the Kaikoura series have been identified . These are a stony 
silt loam, a very stony silt loam and a very stony sandy loam , 
all on steep lands; and a hill phase of the stony silt loam type, 
confined to rolling and hilly ridge crests . These may no doubt 
be considered to be mode rately and severely** eroded phases of 
the Kaikoura loam(s) but they h~ye been given type status rather 
than relating them as phases of a type (or types) which was not 
identified either within the Mowbray catchment or in adjacent areas . 
* Nutty structure in the B horizon is at variance with commonly 
suggested occurrence of crumb structures throughout the profile 
of Kaikoura soils (Cutler pers comm). However, of 10 detailed 
profiles in Soil Bureau records only two had B horizons where 
crumb was the dominant structural shape . 
** Estimation of degree of erosion is based on the method of 
Gibbs et al (1945 p . 30) . 
-
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In no case was the positive determinat ion of a B h orizon 
made; assuming a B horizon is normal for Kaikoura soils (Soil 
Bureau Staff 1968a p . 48) . The profiles of these soils in the 
Mowbray catchment show either an A I AB I BC sequence or an 
A I AC sequence and in some cases an (A) I BC sequence , indicative 
of severe erosion, was observed. 
The Kaikoura stony silt loam is found over greywacke 
colluvium consisting of a mixture of windblown fines and angular 
greywacke talus detritus . It occurs in locations of strongly 
to steeply sloping terrain , either adjacent to moderately steep 
and rolling ridge crests or in lower slope concave locations 
below steeply sloping hillsides. This soil type has a discon-
tinuous cover of broad-leafed snow tussock , hard tussock , blue 
tussock, scattered matagouri and in places Celmisia sp . and 




dark brown; very friable, 
with weak crumb structure ; 
weakly weathered greywacke 
stony silt loam 
common , angul ar , 
gravels and s t ones , 
brown to dark brown; very friable , very stony 
silt loam with moderate crumb and weak fine 
nutty structure; many , angular, greywacke 
gravels and large stones , 
brown ; very friable , very stony silt loam 
with moderate crumb and weak fine nutty 
structure ; abundant angular greywacke gravels , 
stones and boulders , becoming increasingl y 
dominant below 13 ". 
Profile MC 70 (Appendix 1) is another example of this soil 
although it is thicker than that quoted above . 
On narrow rolling ridge tops, usually moderately and 
strongly sloping, one finds the hilly phase of this soil -
Kaikoura hill soils (stony silt loams) . Developing over 
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shattered greywacke in place, or only slightly displaced by frost 
action, these soils support a broad-leafed and narrow- leafed 
snow tussock - hard~ssock - blue tussock association with 
celmisia sp. Cover is generally discontinuous and scattered 
stone s, in lesser number than over the parent type , litt er the 





very dark greyish brown; very friab l e , stony 
silt loam with mo~erate granular and crumb 
structure; common, angular , greywacke 
gravels and stones , 
dark brown; very friable , stony silt loam 
with moderate to weak granular and crumb 
structure; common, angular , greywacke 
gravels and stones , 
yellowish brown; 
gritty silt loam 
structure; many, 
and large stones, 
v e ry friable , very 
with weak nutty and 




giving way to continuous greywacke at 16" + . 
(stones are moderately weathered through out) 
In some locations this soil may be much thinner (see MC 83 






dark brown ; very friable, stony, gritty silt 
loam with weak crumb and granular struct ure; 
common, angular, greywacke gravels and stones , 
brown , very friable, very stony , gritty silt 
loam with moderate crumb structure; many 
angular , greywacke gravels and small boulders , 
continuous finely joirted greywacke rock 
below 8" . 
Kaikoura very stony silt loam is found on strong to steeply 
sloping and steeply slopin g hillsides in upper mid-slope t o 
lower mid-slope locations . Rock outcrops are common and stones 
Figure 9 
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Diagram illustrates the range of soils included in 
the Kaikoura very stony silt loam type 
Slope: 30° Elevation: 4000 ' Aspect : west 
SOIL SEQUENCE THROUGH A SNOW TUSSOCK ON A STEEP SLOPE - KAIKOURA SERIES 
(See also - Tussock Grasslands Res. Com 1954 
p. 349 ; and 
Atkinson 1961 p.453 .) 
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and small boulders litter the surface (Plate 14) . Chionochl oa 
flavescens and C. rigida associated wi t h hard tussock and blue 
tussock are the conunon vegetation forms with minor o ccurren ces 
of Ce l misia sp. and matagouri (particularly at lower elevat ions) . 
The range of profiles encountered is similar to that outlined 





dark greyish brown ; very friable , very stony , 
gritty silt loam wit h weak crumb and granular 
structure; many angular, greywacke gravels 
and stones , 
greyish brown ; ve r y friable , very stony , 
gritty s i lt loam with weak to moderate crumb 
and weak granular structure ; many , angular , 
greywacke gravels and stones , 
light olive brown; very friable , extremely 
stony , g r itty loam with very weak crumb 
structure; abundant , angular , greywacke 
gravels and stones , 
yellowish brown , slightly compact , extremely 
stony , silty sandy loam with very weak crumb 
structure ; abundant , angular g r eywacke 
gravels , stones and small boul ders . 
This profile occurs where a slight accumulation of material 
is found above individual tussocks (see Fig . 9) . On the downhill 
side of the tussocks the profile is considerably t h inner : 
A 3" 
(B)C on 
very dark greyish brown ; very friable , very 
stony , gritty silt loam with weak to moderate 
granular and crumb structure ; many , angular 
greywacke gravels , 
brown ; friable to firm , gritty silt loam 
matrix between abundant large stones and 
boulders . 
The Kaikoura very stony sandy loam is a severely eroded 
soil similar to the shallower profi l es of the stony silt 
,. 
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loam and very stony silt loam types. It is found on steeply 
sloping hillsiaes in the region of rock outcrops . The surface 
is almost completely covered with stone pavement (Plate 15) but 
in places, snow tussock and Celmisia sp . afford some measure of 
stability to the shallow r egolith . A profile is : 
A 2 " 
(B)C on 
dark brown; very friable , very stony, fine 
sandy l oam with weak crumb and granular 
structure; many angular , greywacke gravels , 
s tones and boulders , 
light yellowish brown ; very friable ; 
structureless , extremely stony , fine sandy 
loam; abundant , angular , greywacke gravels, 
stones and boulders . 
As can be seen from the foregoing descriptions , it is very 
difficult to derive a composite , modal description for the 
Kaikoura soils as they occur in the Mowbray area . Basically , 
a dark brown, very friable , stony or very stony silt loam with 
weak crumb and granular structures overlies a brown to ye llowish 
brown , very stony , very friable , silt loam with weak g ranular and 
crumb structure . This horizon rests on light ye llowish brown 
C horizon of greywacke scree debris in a silt loam matrix . The 
C horizon probably represents the r esidual product of an earlier 
phase of weathering , the soils developing over it at present 
deriving the majority of their characteristics from downslope 
colluviation of eroded and eroding materials . 
- Chemistry and Mineralogy 
In the Mowbray , the Kaikoura stony silt loam is a moderately 
to strongly acid soil which has been v ery sbongly leached . Soils 
of this type have medium levels of nitrogen due , in the main, to 
the medium levels of organic carbon spread throughout the profile. 
Similarly , exchange capacities are medium , but levels of exchange-
able bases are general ly l ow. As with the Tekoa soils, a wide 
Plate 14 - Surface of the Kaikoura steepland soil (very stony 
silt loam) showing the accumulation of slope 
debris on the uphill side of a "cotton plant" 
(Celmisia spectabilis) . 
Plate 15 - Surface of the Kaikoura steepland soil (very stony 
sandy loam) showing the coarse nature of the slope 
debris which forms stone pavements on this soil . 










range of chemical conditions have been accepted within the 
Kaikoura set and the analyses of the three profi l es examined 
fall within the documented limits (Soil Bureau Records) . 
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Interlayered hydrous micas and clay vermiculite (1) are 
the dominant crystalline clay minerals and indicate a weak to 
moderate amount of weathering (Fieldes and Taylor 1961) . Illite 
and chlo r i t e are subdominant and traces of gibbsite are also 
present . The presence of amorphous hydroxy- alumina , probab l y in 
the form of allophane was noted in the field . 
(f) Kirkliston Series 
i . This survey - environment Kirkliston hill soils 
have been mapped in a very small area at about 3300 ft above 
sea level, almost on the western watershed of the area. In on l y 
this place in the whole of the Mowbray region has such an 
obviously well formed eldefulvic soil been recognised . one 
type, the Kirkliston silt loam has been identified . It occurs 
in a shallow almost level depression with moderately to steeply 
sloping peripheries, is developed from loess and fine slope- wash 
debris over deeply weathered greywacke under a precipitation of 
30" to 35" . 
Under the system of classification employed in the Mowbray 
area, where the bulk of the soils have been correlated with the 
more eroded , more strongly leached variations of series mapped 
elsewhere , such a strongly developed upland yellow brown earth 
as that recorded (Appendix 1 - profile MC 42) has been difficult 
to reconcile with existing concepts. 
- Morphology 
A profile of the Kirkliston hill soil (silt loam) is : 
--
A 4" 
AB 3 II 
6" 
c on 
dark brown ; very friable silt loam with 
strong granular and fine nutty structure , 
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brown ; very friable silt loam with moQerate 
nut ty and granular structure, 
brownish yellow; friable , heavy s i lt loa m 
wi t h moder ate nutty and granular s truc t ure ; 
rar e , suban gu lar , strongly weathered grey-
wack e stones , 
yellow ; f r iable , heavy silt loam with weak 
nutty s tructure ; rare greywacke s tones . 
Apart from a lack of crumb structure throughout t he p r o f ile , 
this could be a typical p r o f ile for any of the eldefulvic s o i l s 
discussed above. However , the modal concept of the upland and 
high country yellow- brown earths in the Mowbray area is one of a 
shallow and stony soil . As a consequence , rather than a lly t his 
soil with series already ident ified in the area , it was dec i ded 
that this should be considered as a separate series , probably 
ref l ecting an earlier period in the genesis of the soil s of t he 
Mowbray and adjacent areas . 
With , unfort unat e l y , very little information avail abl e , i t 
was decided to group these soils with the Kirkliston hil l so ils . 
Initially these soils had been grouped with the Benmore s t eepland 
soils which are closely similar to the Kirkliston soils but have 
a drier moisture regime . However , due to similarity of pare nt-
material , topography - particularly their location in l ess exposed 
pockets on what was probably an old surface - moisture regime , 
texture , thickness of solum and depth to stones , these well 
developed eldefulvic soils i n the Mowbray were regrouped wit h 
t he Kirkliston soils . A scarcity of adequate document a tion on 
bot h the Kirkliston and Benmor e sets did nothing t o help the 
correlation . 
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ii. Described elsewhere Kirkliston hill soils are 
derived from loess over greywacke colluvium on rolling ridges 
and steep hillsides between 3000 and 5000 ft above sea level . 
Rainfall varies between 30 and 45" annually and the soils support 
a mixed cover of Chionochloa sp . with blue and hard tussock . 
These soils occur i n sheltered , l ess exposed sites on the 
broad upper surfaces of the Hawkdun, St Marys and Kirkliston 
ranges and the Hunter Hills and in the Mowbray area they exhibit 
a similar topographic occurrence . Their occurrence may in fact 
mark the last remnants of an old dissected peneplain although 
Gair (1962) made no mention of such on the western side of the 
Mowbray Fault . It is interesting , however , to note the occurrence 
of stone streams (Gair, 1962, which are the "stone drains" of 
Mccraw 1959) , on the western side of the watershed in this area 
(i . e. outside the Mowbray catchment) . Certainly in the present 
location, it is quite conceivable that these soils were part of 
a surface which was continuous with Blue Mountain and regions 
further east . An interesting study could be the investigation 
of areas considered by Gair as "exhumed peneplain surfaces " fo r 
other occurrences of this soil. 
2 . SOILS ARRANGED PEDOLOGICALLY 
In 1959 (Taylor et al 1959) a first subdivision of the main 
zonal soil groups of New Zealand on a moisture basis appeared . 
Previously soils had been subdivided at the lower levels on the 
basis of either degree of leaching, stage of weathering , degree 
of gammation, intensity of gleying or the nature of melanization 
or certain combinations of any two of these criteria (Taylor 1948) • 
Taylor and Pohlen (1962 p . 44-46) suggested a more sophis-
ticated set of moisture status differentiating classes than 
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those initially proposed by Taylor et al (1959) . These moisture 
classes have found wide acceptance and have been used in the 
classification of the soils of the South Island (Soil Bureau 
staff 1968a). 
Annual moisture budget and the nature of the parent material 
(as influenced by the drift regime) are considered to be the two 
major factors in the formation of the soils of the Mowbray area . 
consequently , a modified version of the classification of the 
soils of the South Island (Soil Bureau Staff 1968a) has been 
used. Less emphasis has been placed on landform because if 
serves as the basis for the common classification employed above . 
Table 11 outlines the groupings employed and also indicates 
correlations with the South Island soil sets. 
Moisture classes (Taylor and Pohlen 1962 p . 44- 46) have 
been assigned to each series. The assigned classes in some cases 
are at variance with those proposed for the relevant parent soil 
set by Soil Bureau Staff (1968a) • The assigned moisture class 
for each South Island set is based on a number of observations 
over a wider range of climatic and soil characteristics than 
those characterising the corresponding series mapped in the 
Mowbray catchment. Consequently, a class assigned during the 
present survey may be just one end of the range of moisture con-
ditions influencing a particular soil , the quoted class (Soil 
Bureau Staff 1968a) representing the average mcisture class 
observed over a greater r ange of environmental and soil conditions . 
Classes assigned to series in the Mowbray catchment are based on 
the Thornthwaite P-E calculations (Table 5) and discussion in 
Chapter VI , section 3. The moderating influences of texture , 
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(l} Yellow-Grey Earths and Related Soils 
on Loess 
These are moderately deep soils deve loped from loess and 
forming over an older loess deposit which is in the position of 
a C horizon . They occur over gently, moderately and strongly 
sloping hillsides and on low level and low angle fans. very dark 
greyish brown silt loam topsoils overlie firm, light yellowish-
brown heavy silt loam subsoils which show weak sub-gammation. 
The compact, C horizon impedes drainage, and light grey and 
orange mottles may be seen in the lower B horizon. A fragipan 
exists in these soils but as it constitutes the C horizon which 
is considered to be an older loess deposit, it is more in the 
nature of a "fossil" fragipan than one currently being formed . 
Soils of the Sherwood and Opuha series fall within this group . 
Sherwood series on the more exposed aspects falls within 
the limits of the subhygrous moisture class. Opuha series which 
occupies more sheltered aspects, does not dry out to the same 
extent as the Sherwood series and on a moisture bases is between 
subhygrous and dry hygrous . For simplicity it has been shown as 
subhygrous on Table 11. 
- on Loess and Colluvium 
Developed from loess over a layer of mixed loess and 
colluvial material, or directly from mixed loess and colluvium, 
these soils occur on strongly and steeply sloping hillsides . They 
are found at higher elevations and on more exposed sites than 
yellow grey earth to yellow brown earths intergrade, and at lower 
elevations on well drained sites below high country yellow brown 
earths. 
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Table 11 Common Genetic Classification of the 
Soils of the Mowbray Catchment 
YELLOW-GREY EARTHS 
(with related hill and steepland soils) 
subhygrous on loess 
Sherwood series 
Opuha series 
on loess and colluvium 
(related steepland soils) 
Tengawai series 
dry-hygrous on loess and alluvium 
- Wakanui series 
Correlation with 
Soils of South Island 






YELLOW-GREY EARTH TO YELLOW- BROWN EARTHS INTERGRADE 





on loess and colluvium 
Clayton series 
Kakahu series 
on loess and alluvium 
Meikleburn series 
(related shallow and stony soils) 
Ashwick series 
Mowbray series 
UPLAND AND HIGH COUNTRY YELLOW- BROWN EARTHS 
(with intergrades to skeletal soils and 
related hill and steepland soils) 
dry- hygrous 
hygrous 
on loess and colluvium 
Kirkliston series 











(related steepland soils) 
dry-hygrous 
GLEY RECENT SOILS 
RECENT SOILS 
Lookout series 
















They have dark greyish brown silt loam topsoils which grade 
into firm light yellowish brown stony silt loams . The subsoi l 
becoming increasingly stony , with only weakly argillised greywacke 
colluvial debris , with dept h . Tengawai series belongs to this 
group . 
Tengawai series which occurs at higher e l evations than 
yellow- grey to yellow-brown earths intergrade , and receives a 
similar or slightly higher precipitation , is considered to belong 
to the subhygrous class. Greater exposure and greater runoff , 
due to the steeper slopes and less dense vegetation , means that 
precipitation is less eff ective t han at lower altitudes . Runoff 
and subsurface flushing from Tengawai sites also helps to maintain 
a more uniform mois t ure balance in the yellow-grey earth to 
yellow- brown earths intergrade which occur on mid-slope and lower-
slope locations. 
- on Loess and Alluvium 
occurring on low terraces adjacent to slow flowing streams 
and along the beds of old stream channels the Wakanui series has 
developed from a mixture of rewashed loess and fine alluvium . 
These soils have very dark greyish brown A horizons over grey or 
,. 
178 
pale yellow subsoils , which have silty clay loam texture and are 
mottled in yellow brown and brownish grey. The subsoil is 
usually firm becoming quite compact on drying and displays weak 
sub-gammation. The underlying C horizons are greyish with yellow 
mottles and of lighter, often gravelly texture . 
Although these soils dry out seasonally, their low- lying 
sites and a water t able at shallow depth below the solum means 
a greater potential for maintenance of soil moisture than the 
other yellow-grey earths in the Mowbray area . This series has 
been grouped with t he dry-hygrous moisture classe 
(2) Yellow- Grey Earth to Yellow- Brown Earths Intergrade 
and Related Soils 
Soils grouped as yellow-grey earth to yellow-brown earths 
intergrade also fall into the dry-hygrous moisture class. These 
soils are never below wilting point but may be below field 
capacity for up to five months annually . The impeded drainage 
and better moisture retention of this group, plus the higher 
rainfall and subsurface flushing which they experience , are 
factors contributing to their classification as dry- hygrous soils. 
Related shallow and stony soils and to a less degree, moderately 
deep soils from loess and alluvium, because of coarser textures 
and rapid through drainage (Taylor and Pohlen 1962 p . 46) belong 
to the subhygrous class. 
- on Loess 
The dry- hygrous soils are separated from their yellow-grey 
earth counterparts by a higher annual moisture content as 
evidenced by stronger mottling and weaker clay illuviation in the 
B horizon . Colours tend to be slightly yellower although the 
Munsell colour charts are not sufficiently discriminate to show 
this difference. 
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They are deep soils with very dark greyish brown silt loam 
topsoil over a firm, light yellowish brown , mottled silt clay 
loam B horizon which may contain iron and/or manganese concretions . 
A fragipan occurs in the position of a C horizon and displays 
vertical light grey and orange streaks . The Skipton series falls 
within this group . 
- on Loess and Colluvium 
Occurring on easy rolling to moderately steep terrain, these 
soils range from imperfectly drained heavy soils to well drained 
soils with stony subsoils. The imperfectly drained soils have 
dark greyish brown silt loam topsoils which poach badly when wet . 
They overlie pale yellow and light grey , gleyed B horizons which 
are orange mottled, firm, silty clay loams . They have a compact 
similarly coloured fragipan in the position of a C horizon and 
thin manganese coatings commonly line vertical channels and cracks 
in this horizon . These soils show moderate garnmation and have 
been called Clayton series during this survey. They have stony 
subsoils in moderately sloping sites and for this reason have 
been placed in this subgroup . 
Kakahu series occurs on moderately and strongly sloping 
hillsides and is formed from loess of variable thickness over 
mixed loess and colluvial materials. Soils of this series have 
thick sola, the lower part of which is usually a stony silt loam 
of stony clay loam of light yellowish brown colour . The degree 
of argillisation of these greywacke fragments varies considerably 
as they may be derived from freshly broken rock or from an old 
preweathered colluvial deposit. The underlying C horizon which 
is often moderately compact may be considered as a "stony loess 
pan" equivalent to the fragipan in soils on older loess. These 
soils show irregular sub-garnmation on drying. 
,. 
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- on Loess and Alluvium 
Loess of variable thickness has coated the alluvial fans of 
t he Orari and Mowbr ay rivers and the Meikleburn stream. The loess 
is of a coarser nat ure than that found on the adjacent hillsides 
and has to a l arge extent been incorporated into the original 
alluvial fan material by biological activity . The moderately 
deep Meikleburn soils with light yell owish brown friable stone 
free B horizons, because of the effect of available moisture on 
these f i ner textures in relation to the weathering of components , 
a r e closer in form to the yellow-grey earths than to the yellow-
b r own earths . 
The Mowbray and Ashwick series , on the other hand have 
gr eater affinit y wi t h the yellow-brown earths despite their 
occurrence in a yellow- grey earth zone . Their free drainage 
associated wit h the i r coarser textures (Soil Bureau St aff 1968a) 
is responsible for their yellow brown character . These soils 
have da r k greyish b r own t opsoil s wh ich have granular and crumb 
structures and are often stony . The subsoil is yellowish brown , 
ha s silt loam or sandy loam t ext ures and is almost a l ways stony 
with only very weakly argillised alluvial gravels . The underlying 
C h orizon mat erial is usually a very stony olive brown sandy loam . 
B horizon development is not as dis t inct as in the better 
developed , deeper f i ner t extured counterparts on the fan and 
terrace surfaces. 
(3) Upland and High Country Yellow- Brown Earths 
- on Loess and Colluvium 
These are either moderately deep fine textured soils 
developed ove r deeply weat hered loess and colluvium, which fall 
into the dry-hygrous moisture class (Soil Bureau Staff 1968a) , 
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or are developed over only weakly weathered mixed loess and 
colluvial deposits under a moister (hygrous) regime , on sheltered 
southern or western aspects . 
Kirklis t on series occurs on an ancient surface of soil for-
mation . It has a well developed , brownish yellow, heavy silt loam 
B horizon , which overlies a yellow , stony , heavy silt loam c 
horizon which c o n tains s trongly argillised greywacke fragments . 
This series has gradational texture profiles , probably as a result 
of clay illuviation . 
The mois t er soils on steep slopes developed over intimately 
mi xed loess and colluvial slope detritus have dar k greyish b r own , 
often stony , silt loam A horizons . A weakly formed B horizon 
wit h light yellowish brown to olive brown colour and usually a 
stony silt loam texture occurs below 8" to 10" . In many cases 
this soil rests on a firm light ye l lowi s h brown , slightly s t ony 
silt loam which represents a buried B horizon of a former soil , 
developed during a period of greater stability . The topsoil has 
mode r ately developed crumb and granular structures while the sub-
so il exhibits mod erately to weakly devel oped nutty and crumb 
s tructures . This subgroup includes soils of the Lookout and 
Puketeraki series. 
- on Col l uvium 
These a r e general l y shallow soils which are derived from 
predominantly g reywacke col luvial material . They occur on 
steeply sloping hillsides and on narrow ridge crests . They have 
coa r ser t extur es th an other high coun t ry yellow- brown earths in 
the area , have a poor veget ative cover , and are moderately to 
strongly eroded . They have only very weak profile development 
and on many sit es intergr ade to skelet al soils . Because of their 
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coarse textures and consequent rapid through drainage, they are 
considered as members of the dry-hygrous moisture class . In 
wetter years , however, they are probably rarely if ever below 
field capacity , but during dry years moisture levels fall below 
field capacity during late summer. 
Dark brown, stony topsoils overlie brown to yellowish brown , 
often extremely stony subsoils . Topsoils have weakly developed 
crumb and granular structures, become very light and fluffy on 
drying and usually have a high organic matter content . subsoils, 
usually designated as BC horizons, are of friable consistence and 
usually have weakly developed crumb and fine nutty structures . 
These are the soils of the Tekoa and Kaikoura series, in the 
Mowbray area . A hill phase of the Kaikoura series , occurring on 
the moderately sloping narrow ridge crests at high altitude, has 
been identified. Strictly speaking, this phase is developing 
over weathering bedrock in place, but because of its morphological 
similarities with the parent Kaikoura series it is 
included with the description of this subgroup. 
(4) Gley Recent Soils 
Gley recent soils occur on or adjacent to floodplains where , 
in the past, they have been subject to periodic flooding . In the 
Mowbray area the Taitapu series is the only member of this group . 
This soil is poorly drained and in the past has received additions 
of flood silts during periods of heavy rain . Recent attempts at 
drainage, aided by the underlying gravels and sands has considerably 
reduced the waterlogged initial nature of this soil. 
such soils have a very dark grey, turfy, silt loam A horizon, 
the lower part of which is characterised by rusty mottlings 
adjacent to root channels . The underlying (B)G horizon is 
-
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strongly gleyed and is usually greenish grey to pale olive brown 
in colour. Textures range from silt loam to heavy silty clay 
loams, structures are commonly coarse and blocky and orange and 
yellow mottling is prevalent . 
(5) Recent Soils 
Recent soils from riverine alluvium are widespread over the 
lower floodplains and levees of the Orari and Mowbray rivers and 
on terraces adjacent to the mid-portion of the Meikleburn stream . 
They are derived almost completely from riverine alluvium and 
seem to be contributing loess, through the agency of wind erosion , 
rather than receiving such additions, as is the case on many 
recent soils (Soil Bureau Staff 1968a) . 
Tasman series is generally shallow and stony . Soils of 
this series have dark greyish brown topsoils which have moderately 
to weakly developed granular and crumb structures . AC horizons 
below about 6" are invariably stony and show very weakly formed 
granular and crumb structures . These horizons are brown or olive 
brown in colour and usually give way to similarly coloured 




Soil classification is the fundamental vehicle of the soil 
scientist. In order to logically disseminate information obtained 
during his investigations , the soil scientist must first resort 
to generalisations concerning particular groupings of soils . 
Such groupings may be based on similarity of appearance , 
properties , history, constitution , use potential etc . But , 
whatever the basis , such groupings are above all part of a system 
of classification . And it is by way of this system that the soil 
scientist imparts the knowledge he has acquired . 
The history of soil classification in New Zealand has been 
summarised by Pohlen (1962) • The major step in the dev~lopment 
of the New Zea land classification was the appearance of Taylor's 
(1948) "genetic classification" of soils (called "common genetic 
classification" by Fieldes 1968) . The basic concepts behind 
the evolut ion of the common genetic classification of New Zealand 
soils have been outlined by Pohlen in N. Z. Soil Science Society 
1964 pp . 7-10 . 
(1) The Technical Classification of New Zealand Soils 
The "technical genetic classification" of New Zealand soils , 
so called by Fieldes (1968) to differentiate it from the earlier 
"common genetic classification", was evolved primarily to give 
precise meaning to the then commonly applied terms which resulted 
from the widespread usage of Taylors (1948) classification . Such 
definition apparently was required to delimit groups which , 
although separated by Taylor, had lacked precise definition . 
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Pohlen (1962) a co-author of the technical genetic classification 
failed to establish a single reason for this classification and 
argued around the point with verbose statements such as , "the 
pedologist perforce establ ishes his classes in precise technical 
language and , in order to allow the classification to be used 
freely , translates to the common names which are well known to 
the layman and are free from t echnical jargon" . 
In two words , however, the t echnical genetic classification 
may be differentiated from the common gene tic classification in 
that it is comprehensively definitive . Soils are defined in terms 
of their basal form , latitudinal and altitudinal zone of occurrence 
(which bears climatic conotation) , degree of weathe ring or 
influence of the drift regime , the kind and degree of illuviation, 
gleying or accumulation , their state of enleaching , the nature of 
their parent material and its degree of weathering and the texture 
of the surface horizons (Pohlen 1962, Taylor and Pohlen 1962, 
Soil Bureau Staff 1968b) . 
The soils of the Mowbray catchment have been grouped 
according to the technical genetic classification (table 12) and 
their detailed technical terminology according to this classifica-
tion is outlined in Appendix 1. Although Taylor (1948) intended 
the common genetic groupings to be distinguished on the basis of 
soil forming processes (Pohlen in N.Z . Soil Science Society 1964) 
the application of his classification, particularly on soil maps , 
has tended to become distinctly terrain biased (Taylor 1948 , 
Gibbs and Beggs 1953 , Raeside et al 1959 , Mccraw 1964 , Kear et al 
1967, Soil Bureau Staff 1968a , b) . The technical classification 
in fact , as intended , achieves the early aim of Taylor. Soils 
are grouped together on the basis of the intensity of influence of 
soil forming processes on their genesis . 
-
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Table 12 - Technical Classification of Soils of the 
Mowbray Catchment 
PALLIFORM SOILS : 
(a) Fallie soils 
- moderately to strongly enle ached 
- very s t rongly enleached 
(b) Madenti-pallic soils 
- weakly enleach ed 
(c) Fulvi-pallic soils 
moderately enleached 
- very strongly enleached 
(d) Madenti-fulvi- pallic soils 
- moderately enleached 
(e ) Lithi-pallic soils 
- strongly enleached 
(f) Clini-pallic soil s 
- strongly enleached 
FULVIFORM SOILS : 
(a) Palli-fulvic soils 
-moderately to strongly enleache d 
- strongly enleached 
- very strongly enleache d 
(b) Eldefulvic soils 
- very strongly enleached 
and - weakly clay illuvial 
(c) Lithi-eldefulvic soils 
- very strongly enleache d 
(d) Clini- lithi- eldefulvic soils 
- moderat ely enleached 




Skipton serie s 
Meikleburn 
series 


















SKELIFORM SOILS : 
(a) Luvic soils 
moderately to strongly enleached 
(b) Madenti-luvic soils 




Thus different soils which have a similar history of 
development are grouped together into a single subclass . For 
example , the Skipton and Meikleburn series , or the Kirkliston and 
Puketeraki series. By the same token soils within one set which 
have different genetic histories are separated , thus giving a 
greater insight into their formation , form and use potentiality 
not evident under the conunon genetic classification (e . g . the 
Tengawaf· set) . 
For these points a lone , not to mention the strong genetic 
bias 'and high level of definity , the easy positioning of inter-
grades and easily applicable sectionalised nomenclature , the 
technical c l assification sh ould supersede the conunon genetic 
classification and become the conunon language of all soi l users . 
(2) The Constitutional Classification of New Zealand Soils 
Fieldes saw a greater need for separation of soils on the 
basis of their constituent clay minerals (Fieldes 1958 , in Taylor 
and Pohlen 1962 , Soil Bureau Staff 1968b) . In the initial stages 
of the evolution of divisions based on soil constituents i t was 
proposed that, mineral-denot ing prefixes be introduced at 
category III level of the technical classification (Pohlen 1962) . 
Lat er (Fieldes 1964 and 1968) these phasic subdivisions 
were ext ended to fonn a separate grouping of soils into classes 
deterrnined by the nat ure and form of their principal clay sized 
(less than 2 microns ) mineral constituents . This was terrned 
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"constitutional classification" . 
Two basic principles were deemed to sho·,.; the need for the 
consideration of constitution in soil classification : 
"(a) soils of very different constitution are different 
and will behave differently , 
(b) soils of similar constitution a r e similar . They 
may or may not behave similarly depending upon 
their (morphological arrangement) and their 
environment." (Fieldes 1964 , 1968) 
It was considered also , that many soil properties were 
dependent on constitution e . g. pH, base saturation, biological 
tolerances and certain fundamental chemical and physical properties. 
With this background, Fieldes proposed a classification of soils 
based on the nature of the dominant inorganic clay constituent of 
the topsoil (A horizon) . Ten main soil classes were proposed 
with the opportunity to expand into additional classes should the 
occasion arise . In Table 5 (Fieldes 1968) indicated the con-
stitutional class and subclass of a number of soils. He did not , 
however , explain how one proceeds to establish the lower levels of 
this classification , but one assumes that if one keeps prefixes 
in order of decreasing dominance of clay minerals one must even-
tually end up with the ultimate identification of a soil type. 
For example , a topsoil which has the fol lowing constitution : 
Chlorite 6% 
Interlayered chlorite 10% 
Illite 35 
Interlayered hydrous mica 4 
Clay-vermiculite ( 1) 8 





(from Soil Bureau Staff 1968b , part 3 , p . 113) 
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would be an " illoso l ", subclass "verrno- Illosol " . If in addi t ion 
it contained say 7% montrnorillonite , i t could then be subdivided 
at a lower level as a "monto- chloro- vermo-Illosol". Thus , while 
at p r esent thP- system is only loosely defined , it is potentially 
an open system of classification; like the technical classifica-
t ion ; and new s u bclasses and lower levels of separation can be 
established at will to meet the requirements of expanding kno#-
ledge anJ experience . 
Similarly, i t has distinct a1vantages in that it operates 
independently of climatic data and soil moisture characterist ics , 
fact s which are often unavailable or inadequately documented for 
many regions . It has distinct genetic conotation and can be used 
to show evidenceof polygenesis i n soils , reasons for the anomalous 
behaviour of certain series , sets , or suites , and the posit ion of 
int e r grade s oils between one grou p and another (Fieldes 1968) . 
It is of limited use at present , however , because : 
(a) compreh ensive minera l ogical data is available for only a 
limit ed number of soils , although Fieldes (1968) notes that 
inferences may be made about soils for which there is no mineralo-
gica l data , merely by direct examination of t he soi l (body ?) , 
(b) as a continuation of (a) it is of little practical use t o the 
man in the field because of the inability to gain constitutional 
infonnation for the vast number of soils which he examines annually , 
(c) t here is at p r esent very litt le a t tempt to correlate soil 
classes and subclasses with the categories and levels of the 
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Chloro- 1 Vermosol 11 Vermosol** illo-chloro-1 vermosol Chloro-1 vermosol 
Chloro-1 Vermosol 1-2 Vermosol 
hallo- chloro-Illosol 
vermo- chloro-Illosol 2 Vermo-Illosol* 
chloro-1 vermosol vermo-Chlorosol** 























1 This assessment after Fieldes (1964 , 1968) is only based on estimated quantitative percentages of 
crystalline clay minerals as assessed by the method of Claridge (1969) • Quantitative estimates of 
the content of amorphous colloids have not been determined, and along with gibbsite , whose presence 
only has been noted , may influence final groupings . 
on 2 vermo-Illosol 
on 2 vermo-Illosol 
on 1 vermo-Illosol 
on illo-Chlorosol 
on Illo-2 vermosol 
on 2 vermo-Illosol 
on chloro-1 vermosol 
on 1 vermosol 
on 2 vermosol 
l'I 
on 2 vermo-Illosol 
on illo-Montosol 
(d) it has no morphological aspect which limits its use by the 
man in the field , a n d this is the level a t which it should in 
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fact be directed as he is the person who must interpret classif ica-
tion terminology into the generalisations (and specific statements) 
which are required by the land user , 
(e) as it is based on only a limited set of properties of a solum 
it may have difficulty standing on its own . 
It was decided , however, to test the practicability of the 
con stit u t ional classificat ion , and those soils of the Mowbray area 
for which mineralogical data is available have been classified 
accordingly . In do i ng t his i t was decided to compare the classi-
fication obtained by an examination of the average clay mineralo-
f ical composition o f the whole profile with similarly deduced 
classifications for the three main diagnostic horizons . The con-
c l usions reached are summarised in Table 13 . In addit ion a 
proposed classification of each soil has been establishe:i. (Tables 
1 3 and 14) . 
By extending t he constitutional assessment beyond the top-
soil (of Fieldes - A horizon in this document) it has been 
possible to show evidence of polygenesis in a number of soils. 
This is in keeping with t he genetic history of t he soils o f the 
Mowbray area proposed in earlier sections (i.e . "later Quarternary 
History" and " Pedomorphic Surfaces " Chapter IV 5/6) . Such data 
is revealed in the "proposed grouping" column of Table 13. 
The proposed constitutional classification has been restricted 
to the assessed nat ure o f the A horizon in keeping wit h groupings 
proposed by Fieldes (1968). Metahalloysite was found in a number 
of soi l s (see Appendix 1) , but its genetic significance is not 
ful ly understood and will be discussed later . Because of second 
0 0 
and thir d order interference by 10 A and 14A minerals it was not 
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Table 14 - constitutional Classification of Some 
Soils of the Mowbray Catchment 
ILLOSOLS 
chloro - Illosols 
hallo - Illosols 
Hallo - Illosols 
VERMOSOLS 
chloro - I. vermosols 
I. Vermo - Chl orosols 
illo - 2 Vermosols 
CHLO RO SOLS 
illo - Chlorosols 
Chloro - Illosol 
Sherwood silt loam 
Opuha silt loam (hill phase) 
Tengawai stony silt loam 
(hill phase) 
Lookout steepland soil (stony 
silt loam) 
Skipton silt loam 
Tengawai silt loam (hill phase) 
Kaikoura stony silt loam (hill 
phase) 
Puketeraki steepland soil 
(stony silt loam 
Kaikoura steepland soil (stony 
silt loam) 
Puketeraki stony silt loam 
(hill phase) 
Kakahu silt loam {hill phase) 
Kakahu silt·loam 
possible to estimate quantitatively the amount of gibbsite present 
in many soils . Its presence , however , was confirmed by D.T. A. and 
I . R. techniques . Similarly, amorphous hydrous colloids were des-
troyed during the preparation of samples for X-ray diff ractometry 
(Claridge 1969 p . 16), and it has only been possiblL to indicate 
their presence following application of the "Allophane Field Test" 
(Fie l des and Perrott 1 966) . Consequently, it must be realised 
that Table 14 represents only an approximate classification of 
some of the soils of the Mowbray and as such should be viewed 





In conducting a soil survey, the pedologist must first 
identify the taxonomic units of his classification . By doing 
this he separates the soils at the lowest possible level.of 
dif ferentiation on the basis of profile characteristics of sig-
nificance for soil genesis . During the production of a soil map, 
taxonomic units may be grouped together to form mapping units 
which show the greatest amount of detail required by the demands 
of the survey and limited by the scale of the map . 
The soil type is the basic unit of soil mapping in New Zealand 
(Taylor and Pohlen 1962 p. 1 35) . In gener al the taxonomic 
entities identified in the field are equated with soil types, 
(USDA 1951 p. 277) such taxonomic units considered as being 
similar to the concept of the pedon (USDA 1960) with clearly define d 
limits. However , it would appear from t he literature, that in 
New Zealand, attempts are rarely made to characterise the mor-
phological range of soil types, particularly in relation to the 
pedon concept. 
Why documentation on soil types lacks such definition has 
become obvious following studies in the variability of soils within 
what should be , on a detailed soil map, homogeneous units . Very 
deta iled examination of a number of small , one acre , quadrats in 
areas of apparently homogeneous soil type have revealed the 
partial extent of the complexity which exists . 
such small studies were undertaken, not to attempt to 
statistical ly analyse the extent of the variation from a central 
concept, which has been the aim of workers such as Beckett (1967) 
PLATE 16 . High angle oblique aerial photograph of the Mowbray fan and the 
upper Meikleburn fan in the centre middle distance . Southern and 
western boundaries of th e catchment on the skyline. ..... 
\.{) 
\J\ 
Photo . P . J . Tonkin 
PLATE 17 . Low angle oblique aerial photograph of the l ower Mowbray fan and 






PLATE 18. Low a ngl e obliqu e aeria l photograph of the Orari fan and th e 
Orari River • Meikleburn homestead a nd the Me ikleburn stream 
are seen in th e bottom l eft corner . ..-
'° '1 
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and Protz et al (1967) , but to demonstra t e : 
(a) the nature of the various phases and sub-types likely 
to be encountered within any homogeneous mapping unit, and 
(b) the difficulty of mapping precisely the soil type 
in order to conform with the requirement that no more than 
15% total of other basic mapping units be included within 
the boundaries of that so named , and delimited , unit . 
A little of the expected complexity of the soil pattern, 
particularly on the fans and terraces, may be apparent on the 
stereograms, Plates l, 2. Such apparent complexity becomes more 
obvious on the high angle oblique photograph Plate 16 and 
startingly real on the low angle obliques Plates 17 and 18 of the 
l ower Mowbray and Orari fans . Quadrats l , 2 and 3 (Figs 11, 12, 
13) were examined in order to assess variability within recent 
stony and sandy soils, recent imperfectly and poorly drained soils 
and loess derived soils , on the fans and flood plains . In 
particular these Quadrat s illustrate the variation likely to be 
encount ered in the soil types; Tasman sandy loam , Taitapu silt 
loam and Sherwood silt loam . 
Small inclusions of other mapping units are also shown on 
these figures, particularly in Quadrats 2 and 3. Figures 14 and 
15 attempt to show the complexity of the pattern of sub- recent 
and recent soils on the Mowbray fan . Traverses l , 3 and 5 , 
illustrated on the sheet in the back pocket, also indicate the 
complexit y of the soil pattern on the fans and hillsides . In the 
case of the somewhat l ess intensively detailed examinations, the 
aim is to show the extent of inclusions of other units with what 
may be shown on the Soil Map as an apparently homogeneous unit, 
and the need for the use of soil complexes , even in detailed surveys . 
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The problem also arises of how realistic is this limitation of 
less t han 15% inclusion within a homogeneous soil unit before it 
is designat ed as a heterogeneous uni t (USDA 1951, p . 277; Taylor 
and Pohlen 1962 p. 136) . 
It is not the aim of this study to discuss this problem in 
de t ai l nor to propose solutions to it . Rather , it is merely to 
show that variations do occur within each soil type as mapped and 
that even quite large percentages of similar soils are included 
within the bounds of many of the "homogeneous" soil units as 
mapped. It is perhaps only pertinent to indicate a number of 
po i nts which have emerged from the present study and which may 
ser ve as guidelines fo r fu t ure invest igat ions . These are : 
(a) The pattern o f taxonomic uni t s of well drained recent soils 
on fan s is a relatively logical sequence which can be correlated 
wit h sedimentation and topography; where a fine pattern of 
taxonomic units are encountered the whole may be expressed as 
soil associat ions . 
(b) In low lying areas , the complexity of the soil pattern , even 
following detailed mapping , is intense and not easily deducable 
because of slight variations i n topography and the vagaries of 
the water table , compl i cat ed by a history of variable textured 
sedimentation ; the taxonomic units identified under such con-
di t ion s can best be expressed as soil complexes . 
(c) The effects of ero sion , accumulation and perched water tables 
on the older fan surfaces now hides relief variation which could 
have once been used to assist in the location of minor soil units . 
(d) On the rolling and moderately s t eep hillsides , the differential 
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complicat ed by aspect and exposure , can cause marked or , on the 
other han d , obscure changes in soil type . 
(e) On the steeper slopes the processes of the drift regime , 
complicated by aspect , exposure and human interference have not 
been sufficient to even out previous differences , but rather in 
many places have tended to confound established patterns . 
(£) I n the past the soil type has encompassed a wider range of 
morphological and site characteristics than considered acceptable 
in the definition of the soil type (Taylor and Pohlen 1962) . In 
the future , attempts should be made to have the soil type as a 
mapping unit conform with the basic taxonomic unit , as outlined 
by Taylor and Pohlen (1962) . If thi~ cannot be achieved , then 
each soil type must be d i scussed in terms of the taxonomic units 
which i t contains. During this survey a t tempts have been made , 
as far as practically possible , and subject to the limitations 
J iscussed elsewhere , to keep within the definition proposed by 
Tayl or and Pohlen (1962) . 
(g) Even at the d e t ailed level , mapping upland and high 
count ry soils presents problems when ident ifying and delimiting 
soil t ypes because of the number of inclusions of similar soils 
which must be accepted within each map unit if the final map is 
to remain interpretable and relatively uncluttered with symbols 
and lines , and , as a consequence , it may be necessary when 
mapping such soils t o eit her : 
i . redefine the concept of the soil type as a 
mapping unit , or 
ii . use coarser units of mapping for such surveys , 
even on detailed maps . 
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(h) Thus , in relation to (g) and (i) , in many cases where soils 
are derived from moderately deep accumulations of loess , the 
soi l on hilly land is s i milar t o that on rolling land . consequently 
proliferation of phases within a type can be avoided on detailed 
maps by a simple r edef in i t ion of the environmental range . The 
use of an element ary cartographic device would then be all that 
was necessary to show terrain differences within the type . 
(i) Physical and logistic problems impose definite limitations on 
the degree of int ensity of detailed survey on steeplands . It is 
debatable whether delimitation of types is of practical use on 
steep slopes . Certainly its usefulness is questionable in areas 
similar t o t he u pper bas in of the Mowbray catchment . Soil sets , 
which on steeplands are complexes of types of a series with 
inclusions of t y pes from related series , are not sufficiently dis-
criminate to show differences of significance for land use . 
Consequently , a t axonomic unit intermediate between set and type 
woul d be t he ideal . The soil series , as a t xonomic and mapping 
unit would fill t his requirement . The range of types within each 
se r ies shou ld be d etermi ned and their characteristics described . 
Selected detailed traverses is the best method of illustrating 




In a comprehensive study of this kind it is difficult to 
know where to start when discussing the influences of the factors 
(Jenny 1941) and processes (Taylor anu Cox 1956) of soil for-
mation on the development of a range of soils such as those 
encountered in the Mowbray area. Each of the factors of soil 
fonnation may be discussed with reference to the soils , but the 
notes on the environment (Chapter IV) have probably more than 
adequately covered this approach . The relationships and 
influences of the soil forming processes then may serve as the 
best approach at this stage . Again difficulty is encountered in 
deciding whether it is better to discuss the soils in terms of 
the genetic groupings or in terms of their physiographic arrange-
ment. Since the former arrangement presupposes prior assessment 
of many factors of soil genesis it has been decided to maintain 
continuity with the arrangement of soils in Chapter V and discuss 
the formation of the soils according to the physiographic groups . 
1 . SOILS OF THE FLOODPLAINS, TERRACES AND YOUNGER FANS 
(1) Well Drained Soils 
(a) Inferences from Site Factors, Morphology and History 
The well drained soils from alluvium on thE Orari, Meikleburn and 
Mowbray fans and on the terraces of the Mowbray show a distinct 
age-developmental sequence. This sequence is demonstrated in the 
degree and depth of profile development of the soils on these 
surfaces. Tasman series have A I AC I C profiles. Ashwick and 
Mowbray series have r espectively A I AB I BC and A I AB I (B) I BC 
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profiles . The Meikleburn soils, which are considered to be 
significantly older , average 19" of sol um and have A / AB / B / c 
profiles . The relationship between these soils is presented 
graphically in Figure 16 . 
The soils have been formed from the weathering of a series 
of depositions of greywacke alluvium. Meikleburn gravels were 
laid over older a l luvium possibly deposited during an inter stadial 
period . On the upper part s of the fans the Meikleburn gravels 
overlie the older gravels but on the lower Meikleburn fan these 
later deposits were left in channels cut into the older alluvium 
(see Fig . 13) . Subsequent depositions of gravel have formed the 
parent materials of the .Mowbray and Ashwick soils. 
The Meikleburn soils have probably been exposed to the 
influences of weathering and leaching over the last 10 , 000- 14,000 
years , under a climatic regime roughly similar to that existing 
today , and probably under both forest and grassland associations . 
Some erosion may have modified the rate of soil formation and it 
is not improbable that t he counter process of accumulation may 
have also occurred (Plate 19) . The Mowbray and Ashwick series 
are dev~loped over deposits of younger age . Soil formation has 
not proceeded to the same extent as within the Meikleburn series 
but as with this latter series, the opposing processes of 
accumulation and removal have probably been differentially 
operative at various times . Although shallow and stony , these 
soils have probably supported both forest and grassland associations 
since their inception (Vucetich 1968) . 
These three soils occur in a climatic zone which has been 
typified as characteristic of that inducing yellow-grey earth 
formation (Hurst 1951 and Climate in Chapter IV) with a sub-
hygrous moisture regime . The soils of this class , however , lack 
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unJerlying alluvium) , have friable consistence anJ weak nutty , 
rather than moderate nutty or blocky structure , in the B or BC 
ho r izons - all features of ye l low brown earths . In aadition , 
subordinate crumb structure is a cnaracteristic of the A norizons , 
particula r ly of the Ashwick and Mowbray series . on a morphological 
basis then , the three series of this class could be better grouped 
with the yellow brown earths . However , to maintain conformity 
with the classification used during the South Island survey (Soil 
Bureau Staff 1968a} they have been classified as yellow grey 
earths to yellow brown earths intergr ade . 
Of much younger age and minimal profile developnlent are the 
Ta sman se r ies . They are formed over deposit s of recent alluvium 
probably laid down during the last 900 years . The effects of the 
organic cycle are visible in these soils but there is little other 
morphological d i fferentiation . Differences in phosphate levels 
(see Table 9) between younger and older soils of this series 
indicate t ha t the early stage of weat hering has commenced (Syers 
et al 1969) and plant nutrients are being removed by leaching . 
Because of a discontinuous grass cover which developed on the stony 
and very s t ony Tasman soils , considerable loss of fine material 
may have occurred since the aeposition of the parent gravels . 
(b} Major Influences in Soil Formation The principal 
factors affecting the formation of the soils of the terraces 
and younger fans have bea n the textur e of the alluvium and the 
time the soil forming p r ocesses have had to act on the parent 
ma t erial. The actual degree to which the texture of the parent 
material has affected weathering in relation to the moisture regime 
is somewhat obscure , but it is probable that in such areas of 
rel ative l y low rainfall , coarser text ured alluvium weathers at a 
more uniform rate to a greater depth than finer texturea alluviu~ . 
205 
This is due to a smaller total specific surfac~ than is presented 
by the finer textured alluvium and resultant soils, ana consequently 
a given amount of moisture is distributed more evenly and to a 
greater depth than in finer textured soils . As a result weathering 
is effective to a greater depth in coarser deposits but is not 
necessarily more rapid than that occurring in finer textured 
materials, which will obviously show more pronounced effects of 
wetting and drying cycles. In addition through-percolation is 
more rapid in coarser textured alluvium thus effecting a greater 
rate of translocation of the products of weathering . 
Stony and very stony soils have redder hues, and higher 
chromas and values than non-stony soils of equivalent age. The 
very friable and porous nature of the stony and very stony soils 
allows extensive root r amification to a greater depth anu a 
greater depth penetration of organic matter than in soils of finer 
texture. Pan formation does not appear to be a process currently 
occurring within the solum but thin weakly fonned iron pans have 
been observed in the underlying gravels. Panning at these depths 
is characterised by very dark reJ coatings on the under-surfaces 
of stones and may result from present lateral flushing of iron 
enriched ground water or may be a relict feature from an earlier 
depositional phase. 
Wind erosion has been particularly active on these surfaces 
especially at times when vegetation was sparse. Deflation of low 
rises has brought about a concentration of coarser components in 
the upper part of the horizons. In addition washings of fines , 
following heavy rain, from the low rises into adJacent hollows has 
led to a thickening of the upper horizon in these hollows. In 
these sites, soils have better moisture retention than those on 
low rises and consequently have tended to be better vegetated . 
.. 
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This additional factor , coupled with the more rapid drying out of 
the more exposeLl low rises , has aided wind in its d eflation of 
these sites . 
(2) Imperfectly and Poorly Drained Soils 
(a) Inferences from morphology , site factors and history 
The pale coloured subsoil s and prominent mottling seen in these 
soils in indicative of a past history of poor drainage conditions . 
Their morphology suggests periodic accumulation of fine sediments 
but a detailed examination of their texture profiles woula be 
necessary to substantiate this . They occur on flat to depressional 
areas adjacent to small streams and have deeper A horizons with 
higher levels of organic matter than the adjacent well drained 
soils. In places the A horizon of the Taitapu series has a muck-
like (Leamy and Panton 1 966 p . 69) character and at one site about 
three feet of dry peat was observed under a red tussock. 
Because of the masking effect of high water tables on horizon 
development and identification , it is difficult to determine the 
actual depth of soil devel oped in the present cycle. It appears , 
however , that the Wakanui soils have about 12" to 14" of solum , 
which incorporates the whol e of recently deposited material , while 
the Taitapu soils show only 8" to 12" of soil development , the 
lower parts of recent sedimentation retaining its original charac-
ter . It is because of this deeper development of solum , better 
profile differentiation and structural aeveloprrent , and their 
occurrences on slightly higher surfaces, that the Wakanui series 
are considered to be older than the Taitapu series. 
The washing of fine alluvium from the Meikleburn surface onto 
early Meikleburn or older gravels probably gave rise to the 
Wakanui soils in later Mekleburn times . The alluvium was deposited 
over the floodplains of streams adjacent to the fan margins . 
Subsequent erosion resulted in the accumulation of fine material 
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from this and adjacent surfaces in low lying areas of high water 
table . It is considered that, because of the fine texture of the 
alluvium deposited at this later stage, the site of deposition 
was a very wet swampy area which may have existed periodically as 
a shallow lake. The apparent lack of buried, highly organic 
deposits or buried timber tends to support this theory. The 
cutting of a channel by the Meikleburn stream, through the region 
of coalescence of the Mowbray and Orari fans in later Templeton 
or early Waimakariri times, resulted in the drainage of the lake 
and led subsequently to the formation of the Taitapu series . 
(b) Major influences in soil formation The principal 
factor affecting the formation of these soils is that of topography 
as manifested in the varying height of the water table . The poor 
drainage periodically experienced by the Wakanui soils led to the 
acquisition of incipient gley features in the form of pale 
coloured subsoilso Reduction in the level of the water table has 
produced the distinct mottling, following oxidation of mobilised 
iron compounds, and has led to the acquisition of weak morphological 
features analagous with those of the yellow-grey earths . 
Recent exposure to aerobic processes of the waterlogged 
areas of fine alluvialaccumulation has given rise to the Taitapu 
series . Drainage in recent times has had little effect on the 
hydromorphic features inherited from the time when the water table 
was permanently at or above the surface. Only the processes of 
the organic regime have been sufficiently active to introduce 
pedological contrasts in these soils. 
2. SOILS OF THE OLDER FANS AND ROLLING HILLSIDES 
(including related hill soils) 
(a) Inferences from morphology and site factors Soils 
included within this class are those yellow grey earths and 
F IGURE 17 207, 
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yellow-grey to yellow-brown earth intergrades which are derived 
from loess lying on an older loess layer or over an accumulation 
of mixed loess and colluvial materials . The discussion includes 
the Tengawai hill soils since it is considered that many of these 
soils fall into the latter category . 
These soils are so grouped because it is believed that they 
are all developing to a large extent from accumulation of loessial 
material, either by windborne accretion or by gravity from upslope, 
largely deposited in early post glacial times . Such loess over-
lies an older loess or mixed lo~ss/colluvial material accumulation 
which was probably part of a former deposit accrued during the 
last stadial of the Otiran glaciation . The younger loess appears 
in the position of a solum of these soils. The BC and so called 
C horizons (although more correctly designated as D horizons -
Taylor and Pohlen 1962 p. 72) represent the weathered or weathering 
upper part of the older loess and mixed loess and colluvium 
deposits . Evidence will be presented later to support this 
conjec ture. 
It has not been possible to fit these soils into a definite 
sequence , although they are arranged in an idealised topographic 
sequence in Figure 17 in order to show their inter-relationships . 
These soils represent a series of sequences , which may comprise as 
few as two members. The difficulty of determining true sequences 
wher ein differences in morphology may be attributed to the 
variation of a single factor or a combination of factors has been 
outlined by Gregg (1969) and was dramatically encountered by 
Witchalls (1969) wh~n he investigated a chemical and mineralogical 
sequence of yellow-brown earths in Otago and Southland . 
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between these soils they may be considered as a loose grouping 
herein called a polysequence*. The Sherwood series is considered 
to be the central concept of the polysequence of soils on loess. 
Figure 18 shows a diagrammatic representation of the morphological, 
and site features which differentiate the related soils from the 
central concept . Tabl e 15 shows the broad morphological and 
developmental relationships between these soils and those on 
hilly and steeplands. 
The occurrence of the Sherwood series on old gently sloping 
fan surfaces and on convex hillsides showing similar stages of 
development testifies to the stability of the Sherwood hill soils . 
In their relatively dry environment the weathering and leaching of 
fresh material reaching the surface is probably balanced by the 
removal of material by erosion. The apparent advanced stage of 
weathering is more than likely attributable to the pre-weathereJ 
nature of the acquired clay size particles . The dry conJitions 
probably retard weathering and leaching of nutrients released 
from the sand and silt size fraction" Tengawai hill soils 
experiencing similar environmental conditions and in continuity of 
"Pedomorphic surfaces" are slightly less developed than the 
Sherwood series. They are found at higher altitudes and experience 
greater extremes of weather . They are subject to erosion and as 
a consequence there is a renewal of the solum due to weathering 
into the underlying loess and colluvial material, probably coupled 
with mixing associated with downhill creep . 
* A polysequence is defined as a grouping of soils on similar. 
parent material, and it is broadly similar to a soil suite; it 
differs in that it contains more than on~ sub-suite which varies 
from a central concept in the effects of the impress of different 
dominant soil fonning factors and soil forming processes . 
(a) 
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Opuha series are found in less exposed sites , have deeper 
accumulations of wash and windblown materials and are moister 
than the Sherwood series . The impeded drainage experienced by 
th~ se soils , due to the poorly permeable nature of the parent 
loess , has prevent ed complete oxidation of the released iron com-
pounds and has given rise to pa l er colours in the subsoil of this 
series . Generally coo l er and moister conditions have tended to 
reduce the effect iveness of seasonal wetting and drying cycles , 
which are to a large part responsible for the development of sub-
soil structure in the yellow- grey earths . As a consequence Opuha 
series shows less structural development than other members of the 
polysequence . 
Also in moister sites are the Skipton series which are , 
however , due to their g r eat er exposure than the Opuha series , as 
equally developed as the Sherwood series . In poorly draineu 
locations th _ Clayton ser ies may be separated from these series . 
Coarser structures , pal e matrix colours and strong mottling testify 
to the influence of t o pogr aphy on the moisture regime and hence 
on the development o f the Clayton soils which appear to be of a 
l esser stage of development than the Sherwood , Opuha and Skipton 
series . The Sherwood Skipton Clayton series represent 
a hydro-topo-sequence in which the arrows indicate decreasing 
freedom of drainage and increasing receipt of runoff . 
Kakahu series occur in moister but more freely drained sites 
than the Sherwood , Opuha and Skipton and Clayton series . The 
very fine nutty and crumb- like A horizon structures in the Kakahu 
series are in~icative of a more active biological regime than in 
those series mentioned above . B horizon colours tend to be redder , 
particularly in the soil s on hilly terrain and the friable nature 
of the lower solum indicates a more even dispersion of free iron 
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terrain are more developed than the Sherwood series but on 
undulating and rolling terrain this series, although at the same 
stage of development as the Sherwood series, is moaerated in its 
character by the mixing of recently accumulated material throughout 
the solumo Solifluction (Plate 21} is also a feature of the hill 
soils of the Kakahu series and is responsible for bringing under-
lying colluvial mater i al into the solum . 
(b) Inferences from chemistry and mineralogy Before 
entering a long discuss ion on the possible significance of the 
chemical and mineralogical analytical results it is important to 
realise that while the profiles selected for analysis were con-
sidered to be typical of the series, it is quite possible that the 
r esults obtained, represent the extreme of the series, since in 
most cases only one profile for each series or hill phase was 
investigated. (Not forgetting, of course, that the results for 
each series do correlate with the chemical variability acceptable 
for that series on a national basis) . Consequently statements 
based on these analyses are somewhat conjectural and a more exten-
sive investigation would be needed to confirm or reject the ideas 
propounded . 
Min~ralogical and chemical data on the soils sampled appear 
in the appendix and in addition selected data arc presented 
graphically in Figures 21 and 22 . Figure 19 attempts to show how 
the changes in form of the phosphorus fractions in the soils 
relate to soil development based on the idealised successional 
changes first suggested for New Zealand soils by Walker and Adams 
(1959) 
0 
Based on the assumption that decreasing amount of total 
phosphorus correlates with increasing weathering and leaching it 
can be seen that the sequence of development is: Sherwood series 
are apparently less developed than Tengawai hill soils which in 
turn are less developed than the Opuha, Kakahu and Skipton soils 
in that order . However , in view of the variations in p content 
of the parent materials (see Table 15) arranging the soils in 
oraer of decreasing Pa as a percentage of the total inorganic 
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p (Pinorg) was considered to give a better indication of a develop-
mental sequence (Wit chall s 1969) . This is because such a ratio 
operates irrespect ive of the t otal amount of inorganic P present 
and is dependent on development. Since , as weathering and leaching 
proceed Pa is eventuall y converted into Pf (Walker 1 965) ; 
Figure 20 shows such an arrangem~nt . However , such a sequence 
does not conform with that revealed by morphological assessment 
but variation in absolute amount of the different P fractions 
could contribute to the poor correlation (Figure 20) . A sequence 
based on Pf as an increasing% of Pinorg , however , has better 
conformity with the morphological trends than that arrangement 
based on decreasing tot al P (Figure 19a) . 
Table 15 - variations in Total P Content of 
C and D Horizons 
Loess 
(pr e - weathered 
Weathered Greywacke 
Weathered Argillite 
Unweathcre d Greywacke 













When the fractions are expresse~ as a p~rcentage of total P 
a rough sequence emerges . The variations which occur between soils 
is almost certainly due to the differences in absolute amounts of 
each fraction ; a direct result of the influences of the various 
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arrangement on the basis of increasing pf as a percentage of total 
P gives a picture of development which is closer to that shown 
by morphology - Pf/PT decreases as BS% increases . The corres-
ponding Pa/PT and Po/PT relationships, however, do not correlate 
well with the i dealised changes suggested by Walker (1965) shown 
in Figure 19b (see also Figures 21 and 22) . 
The BS% (base saturation) and the levels of exchangeabl e 
bases indicate stages of development roughly similar to those 
suggested by the morphology and site factors (Figure 22) . However, 
the apparent advanced stages of leaching indicated by these low 
base levels is not in keeping with that considered normal for 
these soils (Soil Bureau Staff 1968a) and consequently it is most 
probable that the base status of the loessial material was low at 
the time of deposition. 
It is also probable that the loess contained clay minerals 
indicating early or medium stages of weathering, according to 
Fieldes and Taylor (1961) or Jackson (1964) . Thus it is difficult 
to draw any firm conclusions relating to weathering based on clay 
mineral assemblages until one is able to determine the actual 
composition of the original parent material at the time of 
deposition . If the underlying loessial material is consiJered to 
be the parent material then in most cases it would appear that 
reversal of the weathering stages of Fielaes (Soil Bureau Staff 
l 968b p. 26) has occurred , since the clay mineral assemblages of 
the underlying lo~ss indicates a more advanced stage of weathering 
than that of the solurn above . Figure 23 attempts to illustrate 
this point for selected profiles. In the soils derived from loess, 
. 0 -micaceous 10 A material increases down the solurn but then aecreases 
rapidly in the underlying C/D (?) horizon. In a reverse fashion, 
clay-vermiculites decrease down the solurn and increase rapidly in 
the underlying material . 
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However, despite these limitations it is possibl:! proJect 
a weathering-developmental succession based on mineral transfor-
mations in line with those proposed by Fieldes (Soil Bureau staff 
1968b). Reduction in amount of micaceous material and an 
increase in the amount of clay vermiculite are taken to indicate 
an increase in soil development . On this basis the Opuha and 
Kakahu series are less weathered than the Tengawai hill soils 
which in turn are less weathe red than the Skipton and Sherwood 
series, with the Kakahu hill soil indicating the maximum amount of 
weathering, found in this polyseque nce. 
It u oes appear that the soils of this polysequence which 
have th~ higher pHs and higher levels of exchangeable Ca tend to 
weather to fo n clay- vermiculite (2) rathe r than clay-vermiculite(l) 
which appLa rs to be the dominant weathering product in the Kakahu, 
Tengawai, Sherwood and Kakahu hill soils. (See Appendices and 
Figure 22 for presentation of analytical data . ) This trend 
corresponds to suggested development trends proposed by Fieldes 
(1 958 and 1968), Fieldes and Swindale (1954) and Fieldes and 
Taylor (1961) . 
(c) Major inf luences in soil formation 
A. The effect of the drift regime - The effect of the drift 
regime an J both directly and indirectly the effect of the topo-
graphic factor are the major influe nces which have exerted a con-
trol over the direction and rate of soil formation amongst the 
soils derived from loess. 
Rate of accumulation of material by wind is dependent upon : 
i. provision of a source of material in the path of 
prevailing winds; 
ii . aspect and exposure of slopes and surfaces relative 
to the direction of supply; 
Figure 23 - Crystalline Clay Mineral/Depth Functions for 
selected profiles to show the more advanced 
stage of weathering in the underlying loess 
or mixed loess and colluvium than in the loess 
derived solum. 
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iii. angle of slope and runoff characteristics of the 
surface; and finally the 
iv. frequency , velocity and persistence of winds which 
must lift and transport material of various size 
grades varying distances and to varying heights . 
215 
Coupled with the influence exerLe d by t he differential 
accumulation of windblown material are the effects of the washing 
of both recently accumulate d and older surficial material onto 
soils at lower levels . In addition the introduction of both fresh 
material from underlying weathering stone s and pre-weathered 
associated fines may have occurred in th~ lower horizons of the 
solum of some of the hill soils . Minor solifluction appears to 
have been a phenomenon occurring a mongst the Kakahu and Tengawai 
hill soils (see Plate 21). 
Thus the physical nature of the loe ss and wash material 
accumulating on these surfaces can vary considerably from site to 
site . Generally the coarser fraction is derived from higher 
elevations (i . e . the sand fraction increases with increasing slope 
and altitude) • The finer fractions of silt and clay show only 
minor variations with increasing altitude an<l slope . The relation-
ship between these fractions an . the distribution of P fractions in 
the soil , however, is l ess clear. The following observations 
(based on the average levels of P fractions in current profiles) 
regarding the relationship between P fractions , site factors and 
mechanical fractions may be made : 
(i) Pa as % PT - decreases with increases in altitud e , 
slope and ~ sand ; 
(ii) Pa as % Pinorg - decreases with increasing altitude and 
with increasing sand content and clay 
content; 
- increases with an increase in all 
size fractions; 
216 
(iv) Pinorg as % PT - increases with increasing silt and 
increasing clay content , but decreases 
(v) p T 
with increasing altitude and increasing 
sand content; 
increases with increasing silt content 
and decreases with increasing sand 
content and increasing altitude. 
It is apparent then that the major source of P in these soils 
derived from loess is associated with1he silt fraction and the clay 
fraction. The major part of the inorganic P is most probably 
associated with the silt fraction . A similar conclusion to that 
reached by Shah et al (1968) and Syers et al (1969) . Pa as a % of 
PT and P inorg . is greatest in the silt fraction and it is from 
this fraction that t he greatest loss of Pa occurs with increasing 
soil development (Shah et al (1968 and Syers et al (1969) . The 
relationship between Pf as a% of PT , and the various size frac-
tions is more difficult to assess and it is probably most adequately 
explained by a compromise between: 
i . a varia t ion in the actual nature of the form(s) of 




(Shah et al 1968), and 
ii. the occurrence of Pf as both occluded P in the clay 
and fine silt fractions and as included P (apatite 
included within the crystals of other minerals) in 
the coarse silt and sand fractions . 
The reduction in Pa as a % of Pinorg with increasing 
altitude is a result of increasing rainfall and conforms with con-
clusions of Ludecke (1962) o Since the coarser component in these 
soils is considered to result from down-slope movement of material 
derived from the underlying greywacke it is logical to assume that 
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a large part of the acid extractable Ca - P of the Pa (Williams 
1965 , Shah et al 1968 , Syers et al 1969) in the form of comparatively 
readily soluble apatite (Williams et al 1969, Syers et al , in press) 
has already been removed following weathering in upslope locations. 
Recent work on the mineral transformations in a deeply weathered 
soil on greywacke (Sye r s et al , in press) supports this conclusion. 
The higher specific gravity of apatite (3.10 - 3 . 35 compared 
with 2 . 63 , 2 . 65 and 2 . 76 , and 2 . 55 - 2 . 63 for quartz , albite , 
anorthite and orthoclase respectively) means that it is probably 
not transported by wind as far nor as high as other minerals of 
similar size, another factor which no doubt helps to account for the 
decrease in Pa as a % of Pinorg with increasing altitude . This is 
reflected in the lower PT levels in loess derived soils compared with 
those derived from greywacke colluvium (discussed in the next section , 
see Appendices 1 and 3) . Conversely, fine fractions contain greater 
amounts of non-occluded (surface Al - P and Fe - P} and occluded 
phosphorus (Shah et al 1 968 , Syers et al 1969) than amounts of Ca - P 
and this feature may t end to complement differences notea above. 
Very low levels of exchangeable bases and low base saturations 
(BS %) of some of these loess deriveJ soils, notably the Sherwoo~ ana 
Kakahu hill soils, are indicative of a much greater degree of 
leaching than is suggested by either the climate, morphology, or 
history of these soils . An obvious explanation is the inclusion, 
within the loessial material , of previously weathered (and leached) 
soil materials. Consequently it is difficult to assess the actual 
degree to which these soils have been leached as the parent loess 
probably contained both fresh , recently comminuted material and 
pre- weathered and leached material. 
Similarly, without reference to the original nature of the 
parent loess it is difficult to estimate the contribution made by 
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t he parent loess to the clay mineralogy of these soils . The presence 
of metahalloysite in a ll of these soils indicates a weathering stage 
in advance of that considered normal for th~ zone (Fieldes 1961 and 
in Soil Bureau Staff 1968b) . Fieldes in Soil Bureau Staff (1968b) 
has noted the occurrence of a "stage 3" kaolin mineral in the Marton 
s ilt loam , a yel low-grey earth , and has suggested a derivation from 
the parent material . Syers et a l (in p ress) have noted the presence 
of kaolinite in the silt and sana fractions of the strongly weathered 
greywacke rock sample underlying the Rangiora silty clay loam . The 
kaolinite was formed as a weathering product from feldspar phenocrysts 
and increased with the degree of weathering of the greywacke rocks . 
They noted , however , that the kaolinite became dispersed in the solum , 
a consequence of pedogenic reorganisation, and formed only a small 
pe rcentage of the coarser fraction of the fine earth . 
The metahalloysite content is higher in those soils which 
have weathering rocks in the lower solum , but still forms an 
appreciable amount o f the crystalline c lay fraction of the upper 
solum of those soils a n d also in soils formed from younger loess 
over older loess deposits. Its persistence in these latter soils 
and the similarity o f amount in the upper parts of all of these soils 
suggests that in the younger loess deposit it may be derived as such 
from the erosion products of a previously weathered soil . 
Certainly if such is the case it is more than probable that 
othe r clay minerals have been similarly derived . Possibly included 
in this assumption a re the interlayered-chlorites which also form 
an appreciable part of the crystalline c lay fraction . Witchalls 
(1969) conshtered that these intergrades indicated an advanced stage 
of weathering in some of the yellow-brown earths of Otago and 
Southland and if this is so , along with metahalloysite indicate 
wea t hering in advance of that usual for the zone in which the Mowbray 
catchment lies . To consider their inheritance as part of the loess 
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complex deriving from older , now eroded soils, is a logical assumption 
which offers a simple and straight forward answer to the problem . 
A more detailed examination of this matter is presented in the 
ensuing section. 
B. The effect of topography - Topography as it is manifest~l 
in the features of aspect , exposure and ground water has also 
exerted an infl uence on the soils derived from loess . Aspect in 
relation to the source of loess has been particularly significant . 
Using the depth of so l um as the principal criterion loess seems to 
have accumulated to the greatest depths on northwesterly facing 
slopes and on northeast through to southeasterly aspects . 
Southeasterly aspects, despite higher annual moisture, show 
less morphological development than soils on other aspects . This 
probably results from the lower annual temperatures experienced by 
these sites; a direct result of lower insolation . On the other 
hand , Tengawai hil l soils , although receiving higher rainfall than 
that experienced at lower elevations , occur in very exposed sites 
and as a resu l t suffer seasonal dryness . Consequently , they display 
distinct yellow- grey earth characteristics . 
Pale subsoil colours , strong mottling and coarse blocky 
structures are features of the Skipton and Clayton series which can 
be attributed to seasonally high standing ground water levels, or 
the occurrence of perched water tables . 
on exposed faces at higher altitudes , where the Kakahu hill 
soils conunonly occur, colder winter temperatures and the moister 
soil conditions due to the slightly higher rainfall prevail . Due to 
these conditions such sites sometimes show solifluction terracettes . 
In these locations , as a result of this activity , (also a feature 
of the drift regime) soil development tends to be retarded . Fresh 
material enters the solum from below and gradual downslop= movem~nt 
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tends to destroy acquired horizon characteristics . 
3 . SOILS OF THE HILLY AND STEEP HILLSIDES 
(a) Inferences from morphology and site factors These 
soils include the high country yellow brown earths , the Lookout, 
Puketeraki , Tekoa , Kaikoura and Kirkliston series and their related 
hill soils anu the Tengawai series - a yellow grey earth . They 
fall into three main classes on a parent material basis : 
i . soils derived from mixed loess and colluvial materials; 
ii . soils derived from predominantly greywacke colluvial 
material or on greywacke rock in place; and 
iii . strongly developed soils on ol l deeply weathered 
loess an~ colluvial deposits . 
These may be consiciered as two sub-suites , class iii. con-
tains only one member and may represent the ultimate stage of 
development of either or both sub-suites . 
Kirkliston series occur on old mixed loess an1 colluvial 
materials (Class iii) which probably originated in pre-Otiran times. 
Gair (1962) has suggested a comparative age for an apparent exhumed 
surface on Blue Mountain and it is probable that the small area of 
Kirkliston soils in the survey area are a residual part of this 
surface . Morphologically, with the moderat~ly deep profile, bright 
B horizon colours and strong structures, and strongly decomposing 
greywacke fragments in the lower solum, these soils represent a 
stage of weathering far in advance of that attained by other high 
country yellow brown earths encountered during this survey . They 
conform with the modal concept of dry hygrous eldefulvic soils and 
probably represent the normal weathering/leaching progression for 
the drier end of the high country yellow brown earth range . 
The key factors in their development have been, relative 
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stability and the length of time over which the agencies of weathering 
and leaching have operated . Because of the wide difference in age 
between these soils and the other high country yellow- brown earths 
in the catchment they are mentioned separately and the following 
discussion concerning the genesis of the younger soils does not 
include t he Kirklis t on series . 
Amongst the o t her high country yellow brown eart hs two 
developmental sequences can be traced in the upper basin . They 
are characterised primarily by the nature of the parent material . 
In general the development of these high country yellow brown earths 
increases with increasing altitude and rainfall and/or decreasing 
slope . At lower altitudes on the other hano and under slightly 
drier conditions , they can be related to steepland yellow grey earths 
and soils developed from loess over loess anJ colluvium . Figure 24 
shows a schematic arrangement of soils in this environment , in 
relation to topography - vegetation and parent material . Diagrama-
tically , Figure 25 shows t he idealised developmental sequences of 
the two sub-suites on a morphol ogical basis . 
The unifying f act or is one of colluviation . Generally the 
soils in lower slope locations are affected by relative l y active 
accumulation of materialo In upper slope locations the removal of 
material from the surface and mixing within the solum is not great 
enough to destroy the processes tending to form soil horizons . The 
positioning of the Puketeraki hill soils between the Puketeraki 
and Lookout soils does not conform exactly with the proposed altitu-
dinal sequence . This is a result of the effects of recent truncation 
on the morphology of the only Puketeraki hill soil profile examined . 
Lookout , and Puketeraki series are developed over deposits 
of mixed loess and colluvial materials and almost invariably overlie 
fue lower solum of an o l der soil derived from mixed loess and colluvial 
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on one cycle colluvium and are generally confined to southeastern 
to southwestern aspects . The better , present vegetative cover, 
residual from preferential burning and grazing has probably induced 
greater stability in these soils particularly in more recent times . 
The vegetation has tended to trap fines blown and washed off 
adjacent , barer slopes thus emphasizing contrasts between the soils 
of this c l ass (i) and those of class (ii) . The greater proportion 
of fines , probably p re-weathered and the cooler moister aspects 
have given rise to the paler colours, lower pH and base status 
characteristic of the soils of this class . 
The soils (sub-suite - Class (ii)) developed on greywacke 
colluvium and greywacke rock in place form a definite sequence of 
development which relates directly to the rate of accumulation of 
surficial material. In contrast to the soils of class (i) where 
colours in the (B) horizons have a 2.5Y hue and values of 5 or 6, 
the soils of class (ii) have lower solum colours which range from 
brown to yellowish brown (hue lOYR and values 4 to 5) through the 
sub-suite from the weakly developed Tekoa series to the moderately 
developed Kaikoura hill soils . These changes follow changes in 
increasing altitude and decreasing angle of slope . Greater exposure , 
drier aspects and poor er vegetative cover are the main features 
which have contributed to the more skeliform appearance of these 
soils , as compared with the soils of class (i) . 
(b) Inferences from chemistry and mineralogy The chemical 
and mineralogical features of these soils conform very closely with 
the proposed morphological sequences of development . Figure 20 shows 
the changes in absolute amount , ana as percentages of PT, or the 
various phosphorus fractions . These trenus, which conform with 
those outlined by Walker (1965) (Figure 19) complement the deauced 
morphological sequences. 
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However, the high proportion of total P which occurs as pf 
in weakly weathered soils of the two sequences, particularly in the 
Tekoa series (Figure 20) does not conform well with the idealised 
proportion of P fractions suggested for the early stages of soil 
development by Walker (1965). The acquisition , by either aerial 
accr etion or down- slope movement of a pre-weathered fine fraction 
is a possible explanation of this anomaly . On the other hand , the 
presence of a high proportion of incluaed apatite which is released 
from inside less soluble minerals with increasing development 
(Syers et al 1967) (Syers et al in press) is a considered alternative . 
Also the observation of Syers e t al (1969) that the rate of shift 
of non-occluded secondary phosphorus to occluded forms kept pace 
with the rate of formation of non-occluded P in relatively weakly 
weathered (admittedly) alluvial soils , is worthy of note. 
This latter explanation is particularly significant in the 
light of recent work by Syers et al (in press) which showed a high 
proportion of occluded - P relative to non- occluded - P in the 
weakly and moderately weathered greywacke parent rock of the 
Rangiora silt y clay loam . The lower clay content of the Tekoa 
profile relative to its position in the suggested dev~lopmental 
sequence , and the high P levels in relation to the total phosphorus 
T 
content of the parent rock: 
Al 312 ) 
AB 510 ) 
BC 472 
) Kg/ha/profile inch 
) 
Weakly weathered argillite ) 
from the BC 580 ) 
indicative of weak leaching and development , would tend to support 
the second explanation proposed above . Minor effects due to 
accretion of pre-weathered fine material an~ the rapid transformation 
of non-occluded to occluded - P, however , should not be discounted . 
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By extrapolation it may be assumed that in the soils of both 
the sequences a large proportion of the Pf fraction may exist as 
residual inorganic - P which includes both included ca - P , 
probably th~ larger part in these soils , and strongly occluded 
Al - P and Fe - P . The former being found in the coarser fine 
earth component (coarse silt and sand fractions) and probably 
derived directly from rock breaking as a result of colluviation . 
Consequently , changes in the Pa fraction as a proportion of p give 
T 
give a more reliable index of soil development amongst both 
sequences . And , by the same token , the variations in the propor-
tion of Pf relative to the sand and coarse earth fraction is 
indicative of the significance of the processes of the drift 
regime , particularly colluviation , in the formation of these soils . 
That is , as illustrated in Figure 26 , Pa and Pf as a percentage 
of PT , in general , respectively decline and increase with an 
increase in the sand fraction. 
The trends apparent in the changes in levels of exchangeable 
cations and total bases reflect t he proposed developmental 
sequence. With increasing profil e depth there is a progressive 
l oss of exchangeable bases in five out of eight sets of determina-
tions - exceptions are the profiles MC 69 (Puketeraki series) , 
MC 70 (Kaikoura series) and MC 77 (Tekoa series) . The former two 
soils are developed over deep colluvial debris and an increase in 
base status in the BC horizons reflects the less weathered and 
leached nature of the coarse component . The Tekoa series are 
skeletal intergrades to high country yellow brown earths and the 
progressive increase in base status is what would be expected for 
such soils (see Figure 22) . 
The decrease in base status with increasing depth of th~ 
Kaikoura hill soils is indicative of the deep weathering and 
~ 
Figure 26 - Changes in Basic Chemistry , particle size 
fractions and c rystalline clay mineral tran s -
formation s with increasing soil deve lopment 
of soils from mixed loess an d colluvium and 
soils developing over c o lluvium and greywacke 
rock in place . 
(Based on averages for whole of current profiles) 
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leaching which has affected the more stable ridge crest soils . 
This stronger leaching is also reflected in the buried part -
profiles which are found at lower levels beneath currently 
developing soils of the Lookout series (MC 64) and Puketeraki 
(MC 84) hill soils . 
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Figure 22 shows the strong contrast in base status between 
the recent skel i fo r m Tekoa series and the very strongly leached 
Puketeraki series . Soils grouped as being derived from mixed loess 
and colluvial materials (sub-suite from class i) are more strongly 
leached than their counterparts developed over colluvium and 
greywacke rock in place (sub-suite from class ii) . This is due to 
a combination of the moister environment on more sheltered aspects, 
and the admix ture of pre- weathered wash and windblown fines which 
characterise the former group while the more pronounced effects 
of colluviation , and hence reduced stability , tend to introduce 
less weathered material , from below , into the solum of the soils 
of sub-suite (ii). 
There is a progressive loss of micaceous minerals in the 
crystalline c l ay fraction of both sub-suites . Figure 26 inuicates 
a progressive weathering trend which conforms with morphological 
and chemical assessment . There is a corresponding increase in clay-
vermiculites which tends to complement this proposed weathering 
sequence. A progressive increase in chlorite and interlayered 
chlorites as a percentage of the crystalline clay fraction is 
demonstrated by the sub- suite (i), th<;;; soils of which are derived 
from mixed loess and colluvial materials . These trends may be 
extended to show a lesser stage of development in the Tengawai 
series - a yellow grey earth (as illustrated by profile MC 85 -
Figure 26) • 
Primary chlorit e occurs as a minor constituent of greywacke 
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(Reed 1957, Fieldes and Weatherhead in Soil Bureau Staff 1968b) . 
Jackson (1964) records a weathering index of (4) for primary 
chlorite and has noted that under normal weathering conditions 
primary chlorite forms a secondary (Fe , Mg , Al) chlorite (Jackson 
1964 and Dixon and Jackson 1962) . This is a separate and distinct 
mineral from Al - chlorite (Jackson 1964) which forms by the 
progressive alumination of pedogenic intergrades resulting from 
the alumination of vermiculite and secondary chlorite (Jackson 1965) . 
Primary chlorite , particularly where Fe is the dominant 
cation , on X-ray diffraction has a second order (002) peak at 
7 . 0 ~to 7.2 R which is more intense than the first order peak 
0 
at 14 A (Brown p . 261 1961), (Campbell pers comm) . On weathering 
the 7.0 R to 7.2 R peak becomes less intense. An X-ray powder 
dif f r actogram of unweathered greywacke shows a sharp intense 
0 0 
7 . 1 A and a weak 1 4 A peak. Diffractograms of weathered greywacke 
rocks from the D and C horizons respectively of profiles MC 44 
(Tengawai hill soil) and MC 70 (Kaikoura series) 
0 0 
to 7.2 A peaks and distinct , strong 14 A peaks . 
0 
show weak 7 . 1 A 
A possible inter-
pretation is that primary chlorite weathers fairly rapidly, even 
within the fabric of arenaceous rocks, and as a consequence , the 
bulk of the chlorite identified in t he clay fraction by its heat 
stability following K+ saturation , is the secondary (Fe , Mg , Al) 
chlorite (Jackson 1964) . Syers et al (in press) also noted that 
weathering stages in advance of secondary chlorite and hydrous 
micas were present in strongly weathered greywacke from 
North Auckland . 
Acceptance of the idea that the bulk of the 2 : 2 clay iden-
tified in the clay fraction is secondary (Fe , Mg , Al) chlorite 
(Jackson 1964) , hereafter called pedogenic chlorite , inherited 
from the weathering of primary chlorite in the coarser fractions 
of the soils, enables the postulation of a chloritic weathering 
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sequence, similar to the micaceous weathering sequence and corres-
ponding to that proposed by Jackson (1964) . Earlier, Jackson 
(1959) considered that pedogenic chlorite could be formed from 
the interlaying of micas with positively charged Al, Fe and/or 
Mg hydroxides . Such a sequence is apparent in those soils derived 
from mixed loess and colluvium (class i) . Pedogenic chlorite 
increases with increasing weathering of primary chlorite in the 
coarser components of the fine earth , and in turn forms 2:1 to 
2 : 2 layer silicate pedogenic intergrades , in a similar fashion to 
bat outlined by Jackson (1964 and 1965) . These 2:1 to 2 : 2 inter-
grades also appear to form at the expense of micaceous material 
as the increase in the proportion of clay- vermiculite does not 
follow the reduction in percentage of illite and interlayered 
hydrous micas . 
The transformations from micaceous and chlorite minerals to 
the two vermiculite forms identified, according to Fieldes (1968) 
and Claridge (1969) , is more obscure , and a reconsideration of 
these two forms is n ecessary . Jackson (1965) recorded equations 
showing the formation of dioctahedral vermiculite* of high charge 
2+ . 
from dioctahedral muscovite in the presence of free Ca ions. 
In the presence of hydroxy-alumina or hydroxy-iron ions high 
charge vermiculite was shown to form acid alumina - or iron-
vermiculite . However , Jackson has never attempted to correlate 
the vermiculite of his proposed weathering sequence (1964) with 
the clay-vermiculite observed by Fieldes . 
Arnold (1966) pointed out in his review that acid vermiculite 
would have the lower layer charge of the two forms of Jackson (1965). 
* Fieldes noted (1961) and (1968) that the clay-vermiculites in 
New Zealand soils were dominantly dioctahedral . 
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Fieldes (1968 p . 26) noted that clay-vermiculite (2) has lower 
amounts of layer charge than clay-vermiculite (1) , but has nowhere 
shown any analogy between these two forms of clay- vermiculite and 
those discussed by Jackson (1965). Fieldes (1962) has indicated, 
however , that the difference between the two forms, clay- vermiculite 
(l} and (2) is dependent upon the degree and extent of chlorite-
like interlayering of hydroxy alumina , clay-vermiculite (2) dis-
playing the less extensive interlayering of the two forms. 
Fieldes and Swindale (1954) , Fieldes (1962) and (1968) have 
indicated that clay- vermiculite (2) tends to form under conditions 
2+ 2+ 
of higher levels of exchangeable Ca (and/or Mg ) than clay-
vermiculi te (1) , and with continued weathering under such con-
ditions , gradually forms montmorillonite. 
Jackson (1964 p. 121) has noted that vermiculite can weather 
to montmorillonite in an acid environment while (and after) being 
interlayered . He also writes on the next page, " •.• montmoril-
lonite can persist in highly montmorillonitic soils long after 
the soils become acid •.• ". Thus montmorillonitic structures in 
+ . 
clays can result from either the complete replacement of K ions 
2+ 2+ 
in micaceous structures by Mg (or Ca ) or by the intensive 
interlayering with hydroxy-alumina layers and subsequent silifica-
tion (Jackson 1964) , the former case in more basic environments 
and the latter by alumination and silification in acid environ-
ments (Jackson 1965 p. 18) . 
Clay-vermiculite (2) may then be considered to weather 
progressively to montmorillonite in the less acid or near neutral 
+ 
environments following the replacement of interlayered K ions of 
hydrous micas by hydroxy aluminao Stronger alumination would 
result in further interlayering of clay-vermiculite (1) with 
hydroxy alumina - the "anti-gibbsite ~ffect" (Jackson 1964 p . 124) -
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tending to form 2:1 to 2 : 2 pedogenic intergrades . More intense 
alumination and desilication in such environments leading to the 
formation of 1:1 type clay minerals and eventually gibbsite . It 
is probable then that vermiculite of Jackson's weathering sequence 
corresponds to clay- vermiculite (2) of Fieldes and the group Jf 
minerals designated as 2:1 to 2:2 pedogenic intergrades (Jackson 
1964 pp 102 and 104) include both clay- vermiculite (1) and inter-
layered chlorites of Fieldes . 
The pHs of these moderately to very strongly en leached soils 
on hilly and steep hillsides ranges between 4 . 9 and 5 . 7 with an 
average pH of 5.1 - 5 . 2 for those soils on mixed loess and colluvial 
materials (class i) and 5.3 - 5.5 for soils derived from colluvial 
materials or greywacke rock in place (class ii) . In such environ-
ments it is unlikely that clay-vermiculite (2) would be actively 
forming , and less likely that montmorillonite would form other 
than as a result of clay-vermiculites acquiring 18 ~ basal spacing 
following silication of acquired hydroxy alumina interlayers 
(Jackson 1965 p. 19). Consequently , the course of micaceous 
weathering is probably from hydrous micas to vermiculite (1) or 
pedogenic 2 : 1 to 2 :2 intergrad es . While it is unlikely that 
clay-vermiculite (2) as envisaged by Fieldes is being formed under 
present conditions , it is possible to envisage a progressive 
sequence with clay-vermiculite (2) forming from the expansion of 
micas , transforming rapidly to clay- vermiculite (1) with the 
acquisition of chlorite- like hydroxy-alumina interlayers . 
Consequently one must find an alternative explanation to 
account for the variable occurrence of clay-vermiculite (2) in 
these soils . Clay-vermiculite (2) has been found as one of the 
major constituents of the yellow grey earths (Fieldes 1962, 1968) 
and it is not unreasonable to suppose that to a large degree this 
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mineral has been derived directly from ilie accumulation of wind 
blown fines eroded from the drier soils at lower elevations . 
This is in keeping with the two sub- suites of soils on hilly and 
steeplands since those soils of class i have larger amounts of 
clay-vermiculite (2) than those soils of class ii . 
Such an expl anation could also account for the presence of 
montmorillonit e in the buried horizons of the Puketeraki hill 
soil (MC 84) • The source of wind blown material could be the 
Geraldine-Kakahu area , southeast of the Mowbray , where soils 
derived from Ca-rich parent materials occur (Raeside et al 1959) . 
Also , montmorillonite which occurs in the Puketeraki silt loam at 
the "reference site" (Soil Bureau Staff 1968b} could be of similar 
origin , since the limestones of the Castle Hill basin are only a 
short distance tothe west (the direction of the prevailing wind) 
of this site. The possibility, however, that silication of some 
of the hydroxy- alumina interlayers of the 2 :1 to 2:2 intergrades 
is occurring cannot be completely discounted. 
It is difficult to determine whether the metahalloysite and 
gibbsite observed in these soils on hilly and steeplands of the 
Mowbray catchment is currently formingo Fieldes and Swindale 
(1954) , Fieldes and Taylor (1961) , Fieldes (1962) , and Jackson 
(1964) have indicated that under acid conditions clay-vermiculites 
weather to form 1:1 clay minerals and eventually gibbsite . 
Jackson (1964) notes that to reach such stages, weathering of 
micaceous and chloritic minerals gives rise to Al chlorites . As 
it has not been possible to separate Al chlorite which may be 
present from pedogenic chlorite by X- ray diffraction techniques, 
it is not possible to say if these soils have reached such an 
advanced stage of weathering . It is more logical , however , to 
envisage the formation of metahalloysite from the weathering of 
feldspars . 
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Jackson (1964 P · 108) noted that halloysite can be formed 
from extremely small particles of allophane by crystallisation , 
and by weathering of feldspathic rocks , and later (page 111) he 
r ecor ded : 
11 
••• amorphous aluminum and iron oxides become stabilised by 
silica only temporarily in the form allophane . With time and 
weat hering the two c r ystalline phases halloysite and gibbsite 
frequently separate out ••• 11 • 
Fieldes and Swindale (1954) noted that once amorphous hydrous 
oxides had been formed , resil i cation to kaolin and its forms is 
relatively rapid . Feldspars , however, were considered to be 
relatively resistant t o weathering , only slowly forming amorphous 
hydr ous oxides . The positive reaction to the allophane fi e ld test 
{Fieldes and Perrott 1966) noted in the soils on hilly and steep-
lands of the Mowbray catchment indicated that amorphous hy 1rous 
oxides are being released by t he weathering of alurnino- silicates . 
Consequently , it is probable that the crystallisation of meta-
ha l loysite and gibbsite is taking place. Whether metahalloysite 
0 
has f ormed t o the ext ent indicated by t he intensity of the 7 . 4 A 
peak (Fieldes 1968, Claridge 1969) is debatable . More logically , 
those soils having a high metahalloysite content have probably 
inher ited a large part of that mineral from a previous weathering 
cycle as a result of the activity of the drift regime ~ 
(c) Major influ ences in soil formation - The effects of an 
ac t ive drift regime and the influences exerted on the processes of 
the drift regime by the factor topography and sub-factor vegetation 
are the chief criteria which have determined the nature of the 
soils formed on the hilly and s t eep lands . Influences resulting 
from events during the later Quarternary history , particularly 
those directly att ributable to man , and the nature of the parent 
232 
material and climate have had a profound effect on these soils, 
but only in the way in which they have either complemented or 
reduced the effects of the influences exerted by the drift regime, 
topography and vegetation. 
A. The effect of the drift regime - The drift regime has 
been and is currently still active in areas covered by these soils . 
It is manifested in the effects of : 
io accumulation , by wind and gravity ; 
ii . soil erosion , both normal and accelerated ; 
iiio soil mixing by creep ana solifluction; 
iv . renewal of the mineral skeleton by the introduction 
of less weathered components from the underlying 
proximate parent rock . 
The accumulation of finer material following wind transport 
is particularly marked in those soils developed from ; _xed loess 
and colluvium. Accumulation of coarser material following slope-
wash and gravity movement is seen in the upper horizons of soils 
developed in mid and l ower slope locationso Colluviation of these 
slopes has probably been effected by creep erosion . Soil creep 
and solifluction are the main forms of activity on slopes covered 
with mixed loess and colluvial debris, whilst scree creep, soil 
creep and solifluction all contribute to the movement of material 
on the more exposed slopes where colluvial debris predominates 
(Figure 28) • 
The movement of finer material by running water is an ever 
present phenomena amongst soils on inclined surfaces . Where the 
removal of material is slow, the introduction of fresh material 
from the underlying parent rock keeps pace with removal . Breaking 
and decay of coarse rock fragments within the profile , however, 
may not keep pace wit h the removal or eluviation of the finer 
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components from the surface horizons . When this occurs there is 
a tendency for coarser material to concentrate in the upper horizons 
of the profile . A situation such as this can be grossly exaggerated 
by accelerated erosion . Plates 13 to 15 illustrate to a large 
extent the effects of slightly accelerated erosion . Where fire 
or animals have induced severe devegetation , accelerated erosion 
has occurred . The upper part of the regolith moves by scree creep . 
Downslope movement , coupleu with winter freeze and thaw cycles , 
induces deep mixing of this part of the regolith. To a limited 
extent , mixing of the upper part of the regolith of soils developed 
principal ly from mixed loess and colluvium also occurs under the 
influence of gravity and freeze and thaw cycles . 
A situation then exists , whereby soil creep, and to a lesser 
extent solifluction, and normal to slightly accelerated erosion , 
has brought about an i ncrease in the coarse compone nt of the upper 
horizons of certain soils (see description of Puketeraki stony silt 
loam MC 69 in Appendix 1) • These are principally soils from mixed 
loess and colluvium and are found in better vegetated sites . In 
regions of depleted vegetation more severe erosion has caused a 
greater concentration of coarse fragments in the upper part of the 
profile (e.g . Tekoa series , Kaikoura hill soils) . Mixing brought 
about by a more rapid fonn of soil creep , scree creep an~ probably 
solifluction has led to profiles with a more even distribution of 
the coarse component throughout the solum (see MC 70 Kaikoura steep-
land soil) • These latter zones give rise to soils derived prin-
cipally from colluviurn . The removal of material by wind erosion 
from bared surfaces and the deposition in the better vegetated 
regions, where the chances of entrap~ent are greater, has also 
tended to accentuate differe nces between the two sub-suites, as 
outlined above . 
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It is also possible that during colder periods, when winters 
have been more severe than normal, freeze and thaw cycles may 
have resulted in the formation of layers with coarser components 
over layers (or horizons) dominated by fine earth fractions. 
Ragg and Bibby (1966) considered that such phenomena - stone lift 
due to freezing of soil moisture in the upper layers of the solum 
followed by washing of fines into the voids , so created , during 
the ensuing period thaw - were responsible for layering in soils 
and associated regolith at 1800 to 2000 ft above sea level in the 
southern uplands of Scotland . Lift and rafting of stones, by 
needle ice, has been observed by Hayward (pers comm) on bare stone 
pavements at 3500 ft at Porters Pass but it is debatable how 
marked the effects of such phenomena would be under a moderately 
extensive vegetation cover in the drier climatic zone occupied 
by the Mowbray catchment . 
It becomes apparent then that the stage of development which 
a soil at any site attains is dependent to a large extent on 
these influences of the Drift Regime . The removal of material by 
erosion, the introduction of fresh material from the lower solum 
and mixing associated with gravity movement are all influences 
which tend to prevent a soil reaching more advanced stages of for-
mation. Accumulation of previously weathered windborne, slope-
wash and colluvial materials is an influence which tends to 
advance the stage of development beyond that indicated by normal 
soil formation on stable sites. Consequently an understanding of 
the operative processes is a necessary pre-requisite to the inter-
pretation of the genesis of soils on hilly and steep slopes . 
B . The effect of topography - Topography , particularly the 
facets of aspect , exposure and angle of slope has had a marked 
influence on the genesis of soils on hilly and steep lands. 
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Principally, however, it is the geomorphic relationship of any 
site with adjacent areas which exerts the greatest influence _ a 
feature also observed by Cutler (1962) . An apparently stable site 
of moderate slope may be influenced by an active drift cycle from 
a more strongly sloping surface in an up-slope location . Runoff 
following snow-melt on an exposed surface may have a marked effect 
on sites in sheltered aspects at lower elevations 0 
Generally the stabilising influence of loessial accumulation 
decreases with increasing altitude and slope and the effects of 
movement conversely increase with increasing altitude and slope 
(Figure 27) . On more sheltered aspects the regolith tends to 
display a greater degree of stability than that seen on less 
sheltereo, more exposed aspects. Broad ridge crests of 
moderate slope, but extremely exposed , may owe the existence of 
stony topsoils to the effects of wind erosion - removing the fines 
and concentrating the coarse earth . On the other hand, however, 
the possibility of layering due to freeze and thaw cycles should 
not be overlooked . Probably , both processes are active , the 
former during the dry summer months and the latter during winter 
and spring. 
c . Influences due to vegetation - Vegetation, either by its 
presence or absence has had a profound effect on the formation of 
the soils on hilly and steep lands of the Mowbray catchment; as in 
fact it has on the majority of steepland soils (Cutler 1962, 
Molloy 1964 , vucetich 1968) • Removal of the stabilising influence 
of vegetation , certainly following man's occupation of the country , 
and probably due to natural fires in earlier periods , has allowed 
topography and the drift regime to exert their influences on the 
formation of soils to a much greater degree than had occurred in 
previous times . Soils within this category with a more continuous 
cover, found on the more sheltered aspects (and consequently 
moister) display deeper more stable profiles . The stabilising 
effect of vegetation is particularly apparent in Figure 9 and 
Plate 14. 
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Coupled with the influences due to vegetation are the related 
effects produced by climate and parent material . Precipitation 
increases with increasing altitude , and in general , slope. The 
barer the surface , however, the less effective the precipitation 
due to losses by great er runoff and potential evapotranspiration . 
The protective covering of vegetation reduces moisture loss and 
as such provides an environment more conducive to weathering and 
soil formation . However , amongst these soils vegetation cover is 
greatest on the more sheltered aspects and consequently the reduce d 
temperatures of such sites tend to reduce contrasts between well 
vegetated an d sparsely vegetated sites . 
The overall similarity of the parent material and the con-
tribution of pre-weathered particles from the atmosphere and by 
slope wash , and the time during which current soil forming 
processes have been operating , tenJ to reduce expect ed weathering 
contrasts between these soils. It is because of such limitations 
that these soils on hilly and steeplands have been considered as 
two separate , parallel sequences (or sub-suites) with closely 
related stages . The members of each sequence being related on the 
basis of like morphological characteristics and like topographic 
relationships . 
D. Summary These factors of the environment can be 
related to general trends apparent in the chemistry and 1t1ineralogy 
of the soils on hilly and steeplands : 
i . pf increases as a % of PT with an increase in the sand 
and coarse silt component; 
ii. the sand and coarse earth component reaches a maximum 
in both sub-suites in soils in mid-slope and upper rnid-
slope locations - a result of topog raphic variation 
(Figure 27) and the activity of the drift regime -
also noted by Franzmeier et al (1969); 
iii . leaching increases with increasing altitude as does 
the amm.:nt of weathered 10 ~ micaceous clays - a 
result of the influences of the climate and the con-
tribution of partially weathered minerals from the 
coarse silt and sand, and coarse earth fractions; 
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iv. an increase in clay content at higher altituues Hnd 
with decreasing slop8 (Figure 27) is indicative of 
greater stabil ity and weathering in such sites relative 
to the steep hillsides; 
v. the appearance of minerals indicative of stages of 
weathering in advance of that indicated by the more 
stable soils of higher clay content , is construed as 
evidence of the activity of the drift regime in 
providing pre- weathered components from previous cycles 
within the area and from external sources . 
4 . MAJOR INFLUENCES IN THE FORMATION OF SOILS IN THE MOWBRAY 
CATCHMENT 
The greatest influences exerted on the soils of the Mowbray 
area are those of the "Inorganic cycle" or Drift Regime (Soil 
Bureau Staff 1968b) , particularly accumulation , removal and mixing. 
The processes of the "Wasting Regime" are only apparent in recent 
soils from alluvium and in shallow and stony soils on steep slopes . 
(1) The Influences of the Drift Regime 
All of the main processes of the "Drift Regime" have been 
operative in the formation of the soils of this area . The fore-
going discussion summarised in Figure 28 illustrates this point . 
The influences exerted by accumulation, mixing (due to either 
(i) colluviation - the mixing of slope debris deposits by soil 
or scree creep or solifluction or any combination of these and 
Altitude 














- ?000 ' o) 
Slope 
Figure 2 /l. 
I SCHm.l!ATIC DI AGRMf. 8'10.'JING SLOPE : 







Zone of ~rcywacke 
rock weathering 
~ !altitude ~AT~~IAL ZONES . 
curve 
I 
I in place 
12 ° I 
I 






Zone of act ive colluvintion · 
of greywacke rock detri~us 
r ··-·· -··-·· -··-·· - r - ·· - ·· - ··- ·· -··-·· - --··-··-·· - ·· - ! J,ookout 
rukei-eraki 
re~oa 






Zone of_iactive colluviation 





·-·· - ··-·· - ·· -~;;-·-') -~-· · - .. - .. - ·· - .. J .. ___ j 
0 . 
:~u~ 1 ?.or e . o f~·.ble :eccnt locss on 
o110r ~l col.luvJ.um and loess 
____ _ 'o..-,, of table rccPn+- locsc nc~u-11latior: 
Inclu1es su~zone of olier loess accumula~ion 
i t I I 





aided by freeze and thaw cycles, and (ii) wetting and drying 
cycles) and erosion are by far the most significant . 
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(a) The role of loess in soil formation - Loess has 
accumulated to varying depths over a large area of the Mowbray 
catchment. It has accumulated as layers on deposits of alluvium, 
loess, mixed loess and slope debris and has been incorporated 
with slope de tritus on actively colluviated slopes
0 
on more 
stable sites loess has accumulated in recent times to a depth of 
between 16" and 24" and shows a progressive shallowing with 
increasing slope and altitude above 2200 ft (Figure 29} • 
The loess of the catchment is probably of mixed origin . It 
includes fresh material resulting from the physical comminution of 
stones and gravels during riverbed erosion , and pre-weathered 
material from eroding hillsides and terraces of the Mowbray and 
upper Orari catchments, and probably from the adjacent upper 
Fairlie basin . Consequently, even at the initial time of deposition 
the loess could contribute materials, part of which were fresh and 
unweathered, and partl y displaying evidence of advanced stages of 
weathering. Such variations in the parent material must be 
invoked to account for the anomalies in chemical and mineralogical 
characteristics which cannot be explained in terms of simple mor-
phological weathering sequences. 
(b) The role of colluviation in soil formation - "Colluviation" 
as used herein means the intimate mixing of rock debris with soil 
material within the regolith on hill slopes as a result of the 
erosive processes of soil creep , solifluction and scree creep and 
commonly aided by freeze and thaw cycles. The processes of creep 
erosion are used according to the definitions outlined by Taylor 
and Pohlen (1962 pp . 60-61) and also conform with the phenomena 
outlined by Leopold et al (1964 PPo 344-51). 
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In areas of lesser stabili"ty, th t. e ac ion of gravity incon-
junction with factors of topography ( 1 ) d · . s ope an vegetation (Density 
and Pattern) have resulted in the destruction and distortion of the 
simple morphological succession one would expect in an alto- or 
topo- sequence . 
On moderately to strongly sloping sites , slow soil creep had 
effected the introduct ion of coarser fragments into the l ower solwn 
of soils derived essentially from loess . With increasing altitude 
and slope such movement s result in gravels and stones forming an 
increasing proportion of the solwn . 
Solifluction appears to have operated in an earlier cycle on 
some sites of cooler, moister and more sheltered aspect at lower 
levels {Plate 21), but such sites now appear to be more stable and 
unaffected by such effects. At higher altitudes , where freeze 
and thaw cycles are common during winter, it is probable that mixing 
as a result of solifluction is still occurring . However, definite 
evidence of such was not observed and so must be inferred from 
climatic conditions . Scree creep is an active phenomena , par-
ticularly among the soils o f steep slopes largely derived from 
slope debris deposits . The "loamy screes" found in such areas are 
definite evidence of t his phenomena . 
Colluviation tends to reduce the obvious morphological aspects 
of soil formation and is responsible for the incorporation of both 
relatively unweathered and more strongly weathered material into 
all levels of the solum. These effects of creep and solifluction 
are less severe on those soils developed from mixed loess and 
colluvium as evidenced by the minimal disturbance shown by the 
buried part-profiles observed in these soils . This is probably a 





cover of such zones. However , this simple relationship must be 
interpreted in the light of the greater concentration of burning 
and grazing activities in European times on drier more exposed 
sites, where vegetation is more sparse and soils are derived from 
col luvium with little or no loessial influence. 
(c) The role of erosion in soil formation - While material 
is being accumulated either by airborne accretion or is moved 
down-slope under the influence of gravity, it is subjected to the 
erosive influences of water and wind . In such situations it is 
difficult to assess the extent to which "normal erosion" is 
affecting the soils of the area . The effects of more severe 
erosion, however , are particularly obvious on the coarse textured 
high angle fans and steeper hillsides . On the rolling loess 
covered downlands, evidence of other than normal erosion (see 
Plate 9) is usually absent , and it may be inferred that soils on 
such terrain are only subjected to the normal regressive effects 
of erosion. 
Accelerated erosion has in the past been particularly marked 
on soils developed from colluvium, but on soils from mixed loess 
and colluvial mat erials it has operated to a lesser degree. The 
apparent stabilisation and revegetation of some coarse screes (of 
probably pre- European age) indicat es that erosion has not been as 
active in recent times as in the immediate past. 
Gully-head , stream bank (Pl ates 20 , 6 , 7) and stream bed 
erosion is still a feature of the gorge and upper basin regions , 
indicating re-establishment to a new grade as a result of changes 
in base level . wind erosion of fines from terrace and fan surfaces 
and the washing of fines from low ridges on these surfaces into 
adjacent hollows is common 0 Fine loess-like material is commonly 
blown off the younger fan surfaces and from the Mowbray river bed 
I~~ 
PLATE 19 . Evidence indicating at l east 411 of accumulation of windblown and possibly 
rewashed fines on the ' rewashed loess' surface (Wakanui series) in rela-





PL~TE 20. Uppe r basin of the Mowbray . Fiery Top on the 
left and Lookout Peak on the right. Recent 
gully - he ad erosion is cutting into an o ld 
surface on the forward slope of Fiery Top . 
PLATE 2 1. So lifluction te r racettes - Kakahu hi ll soil . 
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during nor'west winds indicating that erosion of soils in these 
locations is still actively proceeding. 
Thus the effect of erosion in the Mowbray catchment is one 
of both regression and accumulation . Gains are particularly 
apparent on rolling surfaces where slope-wash from moderately 
sloping hillsides accumulates on adjacent gently sloping surfaces 
in footslope locations, producing greater apparent depths of sola. 
(d) The incorporation of material from below the solum -
Stripping of material from the surface causes the agencies of 
weathering to penetrate deeper into the underlying c, D or buried 
horizons thus leading to the incorporation of new material into 
the solum. Deep mixing of soils due t o creep and/or solifluction 
may also introduce new material into the solum. The addition of 
this material can affect the weathering stage of the soil in three 
ways : 
io on alluvial sites, and soils developing on greywacke 
rock proper , fresh unweathered or only weakly weathered 
minerals and rocks are incorporated into the solum 
following erosion of parts of the surface horizonso In 
such cases the stage of weathering decreases down the 
profile; 
ii. on steep hillsides where soils are developed over deep 
deposits of colluvium, new material introduced into the 
lower solum as a result of mixing and erosion is at a 
stage of weathering similar to that of the sol um . As 
a result such soils display uniform weathering throughout; 
iii . soils derived from loess of from mixed loess and colluvium 
overlying an older loess or buried part-profile tend to 
display more advanced stages of weathering in the lower 
solum
0 
This is because of the more advanced stages of 
weathering of these underlying pedogenic mate rials, which 
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may be introduced into these lower horizons as a result 
of surface erosion or deep mixing . 
(2) The Influence of the Later Quarternary History 
Fundamental to the cyclic development of the soils of the 
Mowbray catchment have been the events occurring since the end of 
the last advance of t he Otiran glaciation, about 14,000 years ago . 
In Chapter IV, section 5, an attempt has been made to relate the 
events occurring elsewhere in Canterbury to sedimentation and 
erosion in the Mowbray catchment o It is not proposed to reiterate 
here the discussion of that section. It is evident , however, that 
the change(s) in climate, fluctuations in base level and variations 
in the nature and extent of vegetation, in post-glacial times, have 
had a marked effect on the formation of these soils. 
Erosion following the removal of permanent and seasonal snow 
at the end of Otiran times resulted in the formation of the older 
alluvial soils and initiated deposition of loess and probably 
mixed loess and colluvial materials on older loess or rock waste. 
Only the Kirkliston series remains to show the nature of the previous 
regolitho Subsequent to this early post-Otiran period of sedimen-
tation, three periods of erosion and deposition have modified or 
completely removed these early soils. Sites on which loess tended 
to accumulate during periods when the vegetation cover was reduced 
have been stable over most of this time. On steeper sites, newly 
formed soils were completely or partially removed and mixing with 
more loess and/or colluvial debris resulted. During such periods 
of erosion a series of fans and terraces were built up in the valleys 
and lower basin . 
These erosive periods, following the removal of the covering 
vegetation by natural fires, have been correlated with events else-
where in the Canterbury area . It is only the destructive influence 
243 
of man's arrival in New Zealand, however, which can be correlated 
with any certainty . The effects of accelerated erosion seen as 
poorly vegetated coarse screes and loamy screes and as gully-head 
erosion are due to European interference. The more stable soils 
on the hilly and s t eep lands have probably existed in their present 
form for a much longer period and pre- date the arrival of 
Polynesians. 
(3) The Interaction of the Factors of Soil Formation 
Soils are dynamic entities which result from the interaction 
of a number of factors . It is only when a situation exists wherein 
all of the factors of soil formation but one remain constant in a 
sequence of soils that the effects of that factor (Jenny 1941) can 
be assessed . In this case, the influences of the drift regime and 
the importance of events in the post-glacial period have been 
emphasised , but an appreciation of the overall interaction of all 
features influencing the formation of these soils is necessary in 
order to underst and their genesis. Other factors influencing 
these soils have been outlined in preceeding sections. It only 
remains to discuss t he soils of the whole of the Mowbray catchment 
in terms of these factors and show how these factors influence 
each othero 
(a) Topography , vegetation and climate - The influence of 
topography manifests itself in several ways. The high level of 
the water table in the sites occupied by the Taitapu and Wakanui 
series has been responsible for the mottling and gley features 
exhibited by these soils . Perching of the water table in soils 
derived from loess has induced incipient gley features in many 
profiles , particularly those of the Skipton series (see Appendix 1) • 
Those series in the lowest lying locations show the greatest effect 
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(e . go Clayton) • Profiles on sheltered aspects (or minimal 
exposure) show the effects of longer, moister periods than those 
soils on more exposed aspects. Coupled with these features are 
the positions of the profiles within the soil landscape. Those 
soils in down-slope, accumulative sites show paler colours and 
more pronounced mottling (eog. Opuha and Skipton series) . 
The slope and shape of a hillside influences not only the 
moisture regime of the soil but coupled with aspect can influence 
the extent and amount of accumulation of loess and slope-wash 
materials . Similarly, a combination of slope, aspect , the moisture 
regime (incorporating temperature fluctuations) and the thickness 
of accumulated loess can influence the activity of the mixing 
cycle. 
On the strongly sloping and steep hillsides , aspect, slope 
and the moisture regime become particularly significant, more 
particularly when considered in the light of the nature and extent 
of the vegetative cover. The erosive effects of the drift regime 
are more pronounced on areas of restricted covero Mixing of 
material takes place to a greater depth in the solum and the chances 
of inclusion of material from below are enhanced . 
The accumulat ion cf windborne material is dependent not only 
on a source of material, and a site of deposition , but also on th e 
strength, direction and persistence of the prevailing winds . The 
deepest soil development is found on northwest facing slopes where 
loess, brought by the prevailing nor'wester, tends to accumulate. 
On slopes of southeast to southerly aspects, on hilly and steep 
lands , deep soils are also encountered . These are soils developed 
from mixed loess and colluvium (e.g o Puketeraki and Lookout series) 
and they owe their depth to a combination of inherently greater 
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stability , and better moisture regime, relative to soils derived 
from colluvial deposits on adjacent slopes, and the accumulation 
of fines transported by winds associated with southerly storms 0 
The better vegetative cover on southerly aspects in this zone serves 
as a trap for wind-blown material . 
The contrast in sub-soil colours between less exposed and 
more exposed aspects on hilly and steep lands can be attributed to 
greater levels of moisture on the former aspects and the more 
pronounced effects of mixing on the latter sites . In the moister 
soils iron compounds are reduced and in this stage impart paler 
colours to the lower solum. On the more exposed sites , the more 
rapid drying of these soils results in the oxidation and reprecipi-
tation of the solubilised iron compounds in the solum proper , thus 
resulting in coloration of a redder hue . In addition, fresher 
material introduced from below the solum by more active colluviation 
in these latter sites , on the initiation of weathering , affords a 
n2w supply of amorphous iron compounds . Similarly, on rolling and 
gently sloping surfaces those soils with better drainage tend to 
exhibit stronger subsoil colorat ion of redder hueso It can be 
seen then, that the physical nature of the parent material itself 
influences the morphology of the soils on all sites . The nature 
of the parent material depending to a great extent on the operation 
of the processes of the drift regime and the accumulation of 
alluvial deposits . 
(b) The drift regime and soil formation - Thus, it is appar-
ent that the effects of the environment and soil formation are 
interdependent
0 
The soils reveal the effects of the influences 
of the drift regime . The processes of the drift regime are 
influenced by the effects of the various factors of soil formation -
time, topography, vegetation, climate . The influence exerted by 
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these factors on the soils is dependent upon the nature of the 
parent material, which is itself, a product of the processes of 
the drift regime. 
In order to determine the extent and direction of soil for-
mation on the various surfaces it is necessary to interpret obser-
vations in the light of modifications imposed by the drift regime. 
An examination of the most stable site within each topographic 
zone will result in predictions pertinent to the extent and degree 
of modifications imposed by the drift regime and by the factors of 
soil formation. With this consideration in ~ind the following 
generalisations relative to soil formation may be made about the 
chemical and mineralogical characteristics of the soils of the 
Mowbray catchment: 
(i) soils on hilly and steep lands which are more actively 
colluviated are less leached and have greater reserves 
of P than those soils on less actively colluviated sites; 
(ii) of the soils derived from loess those in the drier more 
exposed aspects tend to be more weathered and leached than 
those soils in the moister, cooler, more sheltered aspects; 
(iii) of the soils derived from loess with evidence of mixing in 
the lower solum, the degree of enleaching increases and P 
reserves decrease with increasing precipitation; 
(iv) the degree of weathering in soils derived from any one 
parent material increases with increasing precipitation; 
those stable soils on ridge crests at high levels being 
more weathered than soils derived from loess, which in 
turn are more weathered than soils displaying evidence of 
colluviation (particularly in the lower solum) • 
Thus it can be seen that the influences of the active processes 
of the drift regime coupled with those of the static factor topo-
graphy (aspect, moisture and exposure) have exerted the greatest 
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jnfluence on the forma t ion of the soils of the Mowbray catchment . 
The influences due to t ime, vegetation and the nature of the 
parent material tend to complement the irregular pattern of 
development created by the influences of the drift regime and 
topography. The overall effect of the climate, on the other hand , 
is tending to induce some measure of order into the sequences of 
soil formation in the catchment. 
( 4) LAYERING OF LOE SS 
During the detailed field examination of the soils of the 
Mowbray catchment it became apparent that the compact (loess) 
"hard- pan" forming the C horizon in soils derived from loess was 
of different genetic history to the overlying loessial materials : 
(i) the pan has a distinctly stronger colour than the B horizon, 
i.e. value and chromas remain the same but pan is 
invariably one hue redder than the B horizon (e . g . 2o5Y/10YR 
or 5Y/2 . 5Y); 
(ii) in many cases a distinct textural difference was noticeable, 
the pan having a l ighter texture than the overlying 
(iii) 
B horizon; 
an obvious drainage impediment was correlated in the field 
with the presence of discrete mottles and some-
times small iron concretions in the horizon above the pan . 
This feature was particularly marked in pits examined after 
rain , and varied from 2" to 6 " in thicknesso 
Although the pan appeared to be in the position of a C horizon , 
and the lighter texture suggested greater weathering in th e solum 
above, chemical and mineralogical examination of samples revealed 
that in fact, the pan was more weathered and leached than the solum. 
One was consequently forced to the conclusion that the pan represen-
ted a remnant of a former soil which had been largely removed 
during a previous erosive phase . The current soil resulting from 
248 
the sbusequent accumulation of loess-like material . 
If the pan had existed as such in a previous soil , it is 
logical to assume that due to its compact nature , it would be able 
to resist erosion to a greater extent than the earlier more 
friable solum . Raeside (1964) suggested that the compaction of 
loess-like sediments, during glacial advances was due to wetting 
and drying cycles in a cool, dry environment. Comparable conditions 
probably existed in the Mowbray during the last advance of the 
Otiran glaciation. Thus, the remnant pan probably corresponds to 
Raeside's loess No. 1 (1964). The soils of the Meikleburn and 
Sherwood series on the alluvial fans are derived from the upper 
part of this early loess deposit which was extensively eroded at 
the end of the last ice advanceo Subsequent accumulasion of loess 
of more recent origin has given rise to the present soils. 
Additional weathering, and the softening of the upper part of the 
remnant pan no doubt occurred, but the initial, fairly rapid 
accumulation of more recent aeolian sediments, protected the 
remnant pan to a large extent from such processes . 
A more logical explanation would assume that the pan 
represents an even earlier loess layer. Probably loess No . 2 of 
Raeside (1964) and the more recent overlying layer corresponding 
to Raeside's loess No. 1 . If this is the case, it is necessary to 
expl ain why there is no evidence of compaction and panning in the 
younger loess, since such a process was considered to be a feature 
of the deposition of loess in cold , dry stadial times . Also, the 
deposition of loess in post-Otiran times over extensive areas of 
the Canterbury Plains and in parts of Otago would indicate that 
an environment existed at this time during which extensive loess 
accumulation could occur. (Leamy 1969 suggests a maximum age of 
3,500 years for a recent loess deposit , with a pan , in the 
Manuherikia Valley) • 
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If the major part of the solum of the soils overlying a 
compact loess-pan is of more recent origin than the formation of 
the pan, it is probable that corresponding older horizons exist 
in other soils with essentially loess- derived sola . An examination 
of the chemistry and mineralogy of those soils on rolling and hilly 
surfaces which are derived from loess over mixed loess and colluvial 
materials also indicates a greater degree of weathering and leaching 
in the lower mixed horizons than in the horizons above. 
Figures 21, 22 and 23 show pertinent chemical and mineralo-
gical data which it is considered indicate layers in soils 
deri ved from loess . Data from the Opuha , Tengawai hill and Kakahu 
series derived from loess, and the Tekoa and Puketeraki steepland 
soils derived from colluvium, and mixed loess and colluvium respec-
tively are presented. Trends shown by these soils are typical of 
the respective groups and the following observations concerning 
the BC and underlying horizons relative to the upper parts of the 
sol um may be made : 
(i) Soils derived from loess over an underlying loess or mixed 
loess and colluvium layer show an increase in Pf relative 
to Pa in the BC and underlying horizons. This is indicated 
by the shape of the Pa/Pinorg curve (Figure 21) and the 
absolute amounts of the fractions present . Differences 
in the Pa/Pf rat io between horizons in the one soil may 
be due in part , to differences in the proportions of 
physical size fractions (as noted above) , but it is con-
sidered that these differences in Pa and Pf between B 
and c or D horizons in the one soil are so marked that 
t hey must also indicate differences in intensity of 
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weathering and leaching between these horizons . By contrast, 
soils from essentially colluvial materials have a reduced 
Pf/Pa ratio in the BC and C horizons and have lesser amounts 
of Pf in these horizons than in those above . 
(ii) Soils derived from essentially colluvial materials have at 
least equal leve l s of exchangeable potassium (expressed as 
m. e . q . /lOOgm) i n the B horizon and in underlying horizons . 
Loess derived soils on the other hand have lower levels of 
exchangeable K+ in the BC and lower horizons than in the 
B horizon . 
(iii) It is considered that the ratio , 11 exchangeable Ca + Mg " 
K 
gives a more accurate picture of the state of leaching and 
weathering of the soils, especially when considered in 
relation to exchangeable potassium levels. This ratio is 
based on the premise that weathering and leaching of primary 
(and certain secondary) minerals releases and removes Ca, 
Mg and K ions. Ca and Mg ions are released by weathering 
more rapidly than K ions because of the greater suscep-
tibility of Ca and Mg containing minerals to weather 
(Barshad 1964) • Thus initially as Ca and Mg are removed 
the Ca + Mg ratio would become smaller . Progressive 
K 
weathering and leaching would bring about a subsequent 
increase in the ratio . In fresh material, however, the 
ratio could also be quite high so interpretation must take 
into account the levels of exchangeable potassiumo Thus 
the curves of this ratio for the Opuha and Kakahu series 
show a dramatic rise below the subsoil. Those soils from 
essentially colluvial materials, on the other hand, show 
only a slight rise in the ratio in similar horizonso a 
feature which would be expected in the presence of fresh 
material
0 
The dramatic increase in this ratio seen in the 
deeper subsoil of profiles from loess and the very low 
levels of potassium in such regions is considered to 
indicate the greater degrees of weathering and leaching 
experienced by these layers . 
(iv) The basic direction of weathering of micaceous minerals 
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in zonal soils is from micas illite vermiculite 
(Fieldes and Swindale 1954 , Fieldes and Taylor 1961 , Fieldes 
1962 and Soil Bureau Staff 1968b) o A comparison of the 
relative proportions of 10 R and 2 : 1 14 ~minerals at 
various levels in the profile would be indicative of the 
relative degree of weathering in various horizons . 
Figure 23 reveals that soils derived essentially from 
colluvium or greywacke rock in place have greater amounts 
of illite and lesser amounts of clay-vermiculite in their 
BC and C horizons than in their upper sola . Such features 
indicate progressive weathering from the surface downwards o 
Soils derived from loess may in some cases show an increase 
in illite and a decrease in vermiculite with increasing 
depth. Faul kner (1968) also noted such a trend in the loess 
derived solum of two dry- hygrous yellow grey earths from 
North Canterbury; the upper loess giving rise t o the 
present soils was considered to have deposited in post-
glacial times on early Otiran outwash fan gravels capped 
by a loess deposit of early or mid-Otiran age . However, 
in the BC horizons and underlying layers reduced amounts 
of illite and greater amounts of clay- vermiculite are evident, 
indicating a 3reater degree of weathering in these layers 
than in the lower solum. 
The evidence presented, based on morphological, chemical and 
mineralogical contrasts has led to the proposal of a theory of 
layering of material in t he majority of the soils derived from 
loess. As a resul t observations and discussions on t he genesis 
252 
of the current profiles of the soils of the Mowbray have been 
confined to the deve lopment of the solum above such compact layers 
of loess or mixed loess and colluviumo The sola in most cases 
are derived almost exclusively from loess of recent deposition . 
The nature of this loess is conditioned by the extent to which 
eroded material from older surfaces has contributed to its make-up 0 
Acceptance of such ideas of layering of loessial material, 
even in recent times, leads to some significant observations in 
the Mowbray catchment : 
i. the development of a fragipan, hard-pan or loess-pan 
in loess derived soils is a feature of a previous weathering 
cycle and is not a feature of pedogenesis during the 
present period; 
ii 0 accumulation of loess is a feature of inter- stadial 
glacial periods; 
iii . accumulation of loess may even be occurring today 
on some moderately to strongly sloping hillsides and is 
almost certainly a feature of many less strongly sloping 
surfaces; 
iv. on rolling and hilly lands it is possible to correlate 
depositions of loess with the formation of deposits of 
material indicative of reduced stability; 
· be possi'ble to extend such correlation to v. it may even 
include buried (or resurrected) soils on surfaces in 
steep lands; 
vi. detailed examination of previously acquired chemical 
and mineralogical data may turn up evidence indicating the 
widespread occurrence of this phenomena in the South Island 
generally . 
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(5) THICKNESS OF SOIL DEVELOPMENT 
The depth to which a soil develops is the result of the 
relationship between the climate, the physical and chemical 
nature of the parent material and the degree f o stability of the 
. n e case of the soils Parent material and developi'ng soi'l- I th 
derived from loess, many profiles reveal that all of the post-
glacial loess fonns part of the solum and the current weathering 
processes are starting to affect the upper part of the underlying 
older material. In other profiles, however, current weather ing 
has had only a minor effect on the sub- sola material and then 
probably only during its deposition. 
Appreciation of these observations tends to the conclusion 
that the BC horizon is not a reliable indicator of the depth to 
which weathering is currently occurring. Rather, for such loess 
derived soils the base of the B horizon is probably more indicative 
of the true thickness of profile development in the present cycle. 
The inclusion of parts of buried profiles into the lower solum of 
soils derived from mixed loess and colluvium as a result of mixing 
has also led to a consideration of the base of the B horizon as 
the maximum depth of profile development in such profileso On the 
other hand, soils developed from predominantly colluvial materials 
(and on greywacke rock in place) have the effects of current soil 
development apparent throughout the whole of their sola. As a 
consequence the depths to which soil development has occurred are 
represented by the thickness of the sola. 
on this basis , a comparison was made of the depths to which 
the profiles from various parent materials were developed (Figure 
29) • The thickness of development of soils from mixed loess and 
colluvium and from colluvium was found to be comparable over a 
wide range of altitude and slope. Soils derived from loess form 
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and colluvium and soils from essentially colluvial materials , 
and show progressive increase in thickness with decreasing slope . 
Since the soils of these three classes are representative of a 
balance between accumulation and regression within their respective 
parent material zones, the curves in Figure 29 indicate that 
accumulation is at a maximum in regions of least slope within each 
zone . Soils derived from loess show a thickening of the profile 
0 
on slopes greater than 14 o This may be attributed to accumulation 
in some sites, and a greater depth of weathering encouraged by 
more friable subsoils where mixing with underlying mixed loess and 
colluvial materials has occurred in the lower solum (e . g. Kakahu 
hill soils) • 
Changes in the thickness of the soils of these three parent 
material zones with increasing altitude reveal the combined effects 
of both thickness of accumulation and depth of weathering : 
(i) Soils derived from loess attain their maximum thickness 
at 2200 ft to 2400 ft . Above 2500 ft regression probably keeps 
pace with accumulation and despite increases in precipitation with 
increasing altitude , t he high exposure of sites a t this l eve l 
means that the effectiveness of the increased precipitation in 
relation to depth of weathering is reduced (e.g. Tengawai hill 
soils) • 
(ii) Soils developed in mixed loess and colluvial materials 
show a progressive decline in thickness with increasing altitude. 
This may be attributed to regression exceeding accumulation with 
increasing elevation and as the watershed is approached, a decline 
in the supply of waste forming the parent material. 
(iii) Soils developed in colluvium show similar trends to 
those outlined in (ii) with the exception that above 4000 ft soils 
developed over greywacke rock in place on ridge crests show a 
greater depth of weathering and soil development than adjacent 
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soils on steep hillsides at slightly lower elevation . 
Comparisons such as this indicate the significance of the 
combined effects of the interaction of all the processes and 
factors of soil formation. A more active drift regime on some 
sites produces a depth of development equal to that produced by 
moister but cooler condit ions on more stable sites , which in turn 
may be equated with similar depth of development on sites of 
warmer but drier conditions where finer parent materials occur. 
Once a medial curve of soil thickness for a range of soils 
has been constructed (Figure 29) , it is possible to make estimates 
of the relative degree of stability of soils within the class 
examined . The medial curve is assumed to indicate normal conditions 
of formation for the soils of that class and deviations from the 
medial can be interpreted in terms of the soil forming processes 
as influenced by the factors of soil formation. An extension of 
such a study is the assessment of the degree of stability of 
certain soils and interpretations may be made as to the extent to 
which other than normal erosion has affected such soils in the 
inunediate past. 
It may also be concluded that similarity in depth to the 
BIBC boundary in profiles derived from loess and mixed loess and 
colluvial materials and the BC/C boundary in soils developed in 
colluvium indicates that the BC horizons of the two former classes 




The main purpose of this study was the detailed survey and 
mapping of the soils of the Mowbray catchment . Prior information , 
relative to the anticipated soil pattern was available at only the 
broadest of scales . Little detailed information was available 
on the way in wh i ch the processes of soil forma t ion affect the 
morphogenesis of soil sequences in upland and high country basins 
such as t hat encompassed by the survey . Some detail ed s t udies had , 
however , investigated t he effects of the soil forming factors and 
processes on both simil ar and unrelat ed soils and it was possible , 
whe r e appl icable , to extrapolate from such information to the 
events and processes affecting soil formation in the Mowbray 
catchment. 
Because of t he wide spectrum of this investigation , many 
aspects of pedology , ranging from survey and ampping through 
classification and environmenta l reconstruction , to morphological , 
chemical and mineralogical gene sis were discussed . In order to 
present a logica l conc l usion po i nts will be enumerated according 
to t hese various aspect s of pedology . Such is the complex nature 
of pedology , however , that many of the points made below may be 
equally applicable as a concludi ng remark of sections other than 
the one in which they are grouped for presentation herein. 
1 . Survey , Mapping and Cor relati on of Map Units 
(a) In the past, the broad mapping of the upland and high 
country areas for the production of small scale maps , has relied 
heavily on vegetation/terrain/climatic contrasts for the ident if i -
cat ion and separation of map units (series or sets) rather than 
... 
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intensive profile examination . 
(b) To meet the demands for increasing information concerning 
the nature and distribution of soils in upland and high country 
areas , more intensive p r ofile and landscape examinations are 
required . However , i n t h e production of soil maps of large scale , 
it has been shown t hat r api d techniques of aerial pho t ographic 
interpretation a n d f ie l d b i n ocu lar observation can replac e to a 
large extent t he " following of boundaries" in the f i e l d o 
(c) Air photos a r e particularly useful since : 
i . t hey can be used to separate soils at the series 
level in bot h downland and steepland environments; 
ii . in steepland regions soils can be delimited on 
the basis of t errain , vegetation , surface stoniness 
and moisture contrasts - similar features to those 
used to ident ify soil units on more extensive surveys ; 
iii . t hey are , however , limited by the complex nature 
of sedimenta t ion on fans and terraces and generally 
are on ly c a pabl e o f showing relative age differen ces 
amon gst such surfaces . 
(d) such i n t e r pret at i on should not necessarily be confined 
to vertical air phot os . Low and high angle oblique aerial phot o-
graphs can also be of use , particularly where ground control has 
been established . 
(e) However , photo- interpretation alone is not sufficient 
to enable complete determination of the inter-relationships and 
patterns of upland and high country soils. Detailed traverses 
and/or strip mapping a r e a necessary complement to any form of 
interpretation which does not require extensive field investigation . 
(f) Because of a paucit y of precise environmental and 
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morphological data pertaining to many of the soil sets established 
during the South Island survey (Soil Bureau Staff 1968a) , the 
correlation of soils de t ermined during this detailed survey, with 
existing sets/series , has proved difficult. Such difficulties 
will continue with future detailed surveys and can only be sur-
mounted by an intensive investigation of all previous infonnation 
related to the soils of upland and high country areas and the for-
mulation of modera t ely rigidly defined limits for soil sets and 
soil series. Bearing in mind the probable future use of computers 
for the storage of data and for correlation purposes, it is 
essential that the maximum detail be recorded about each site and 
profile examined . Wells and Jackson (1969) have indicated a 
minimum number of 42 separate observations per horizon (or in some 
cases a minimum of 71 observations per soil profile) as the require-
ment for effective computerisation of profile information . This 
means that in the future the soil surveyor will need to record 
site and profile informat ion in a prescribed fonnat similar to 
that shown as Appendix 4 which is based on Leamy and Panton 
(1966 p. 130) • 
(g) Information is currently available on the patt ern of soils 
in upland and high count ry regions of the South Island at a scale 
of four miles to one inch. In order that planned use of the soil 
resource may be made , in such areas, on both a regional and county 
basis, soil maps at a larger scale must be produced . This study 
has shown that it is possible to produce maps in the high country 
at a scale of 20 chains to one inch. The practicality of maps at 
such a scale is, however , doubtful . Resource planning in the 
future in the upland and high country areas must take into account : 
i . water resources ; 
ii. conservation requirements ; 
iii . reconunendat ions and conclusions pertaining to 
extensive pastoralism; 
iv. continued indigenous or establishment of exotic 
protection forestry; 
v . recreational resources; 
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- and considering the aspects of availability of manpower , accessi-
bility of areas to be investigated and the availability of a ids 
to survey (i.e . air photos at scales of 50 chains to one inch and 
one mile to one inch) , it woul d appear that map product ion at a 
scale of one i n ch to one mil e (or 1 : 50 , 000 in the light of current 
mapping being undertaken in selected areas by the Department of 
Lands and Survey) , would best fulfill the needs of the information 
required . In areas wher e there is an apparent potential for 
intensive pastoralism, cropping or specialised horticulture, 
mapping should be carried out separately at a scale of 40 chains to 
one inch (or 1 : 25 , 000). 
(h) This study has revealed : 
(i) that due to t he complex pattern of soils in many locations 
the soil type is too f ine a mapping unit to be employed on such 
surveys in upland and high country areas ; 
(ii) that the soil series of the soils derived f rom l oess 
have almost identical p r ofile development over a wide terrain 
range and it becomes questionable whethe r it is necessary to dis-
tinguish "hill phases" of such soils as separate mapping units; 
(iii) that associations and complexes must be accepted 
mapping units even on detailed soil maps of upland and high country 
areas unless -
(iv) there is a reappraisal of the extent (and amount) to 
which inclusions within homogeneous mapping units may be tolerated 
without the need to establish heterogeneous units. 
2 . Relationships Between Late Quarternary Events and Landscape 
Genesis 
(a) An attempt has been made to correlate events leading to 
2~ 
the formation of post-glacial soil surfaces th on e Canterbury Plains 
with the probable sequence of events in the genesis of the landscapes c 
of the Mowbray catchment . A more intensive investigation could 
reveal sufficient deposits of charcoal to enable chronological 
correlation on the basis of c14 dating . However, at this stage, 
the tentative correlations established do seem logical and it should 
be possible, on future surveys , to extend this correlation to other 
high country areas. 
(b) The accumulation of loess on rolling country can be 
correlated with the formation of mixed loess and colluvial deposits 
on steeper slopes. 
(c) In areas where deeper deposits of loe ss or mixed loess 
and colluvial materials are absent it can be inferred that such 
areas have been subjected to periods of instability in the post-
glacial period. 
(d) Instability which has occurred on steep slopes at 
higher altitudes has provided the bulk of the waste which has been 
responsible for the periodic sedimentation lead ing to the formation 
of fans and terraces in t h e lower basin . Leamy (1969b) has shown 
how , by simple calculations , the amount and extent of the regression 
on steeper slopes at higher altitudes , may be assessed . 
(e) The periodic instability which has affected such areas 
can be related to changes in form and distribution of vegetation . 
The present pattern of vegetation indicates both areas of stability 
and instability and as such can serve as a guide in the i dentification 
and delimitation of soils. 
3 . Assessment of Stability of Soils and Regolith 
(a) Soilsdeveloped from loess, or where loess has played a 
role in the formation o f soils on steeper slopes , have the greatest 
stability . 
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(b} It appears that where loess has accumulated to sufficient 
depth to prevent the erosive effects of needle ice and related 
freeze and thaw cycles disrupting the solum by effecting the concen-
tration of coarser fragments in the upper profile, a continuous 
vegetation cover has established and stability has resulted. 
(c} The hill phases of some soils developed in loess , over 
either an older loess or mixed loess and colluvium, commonly show 
more advanced stages of morphological development than related soils 
on undulating and rolling t errain. It is logical to suppose that the 
more weathered (and devel oped} soils within this class will be those 
which are also the least eroded . Consequently, it is evident that 
soils derived from loess have a high degree of inherent stability 
which persists over a variety of terrain types ranging up to those 
with slopes of 20°. 
(d) It may also be concluded, that despite the inference of 
periodic instability , t he norm for the soils on steep slopes is one 
of a moderate degree of stability with the potential for instability 
under certain circumstances. 
(e} On the basis of (d) it is possible to construct average 
soil thickness/altitud e/slope - curves for various soil c l asses or 
terrain units and so conclude as to the current state of regression 
or accumulation of particular sites and/or map units. 
4 . Soil Genesis and variability of Morphological, Chemical and 
Mineralogical Characteristics 
(a) one of the main identifying characteristics of the yellow 
grey earths, yellow- grey to yellow-brown earths intergrade and 
related shallow and stony soils is the occurrence of a pan within 
the solum or c horizon
0 
These are pans of compaction in the former 
two groups and of cementation in the latter group and are generally 
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considered to be a feature of current soil formation within the 
respected environments. A fragipan has been observed in the 
profiles of soils derived from loess but is has invariably been 
associated with either the underlying older loess or mixed loess 
and colluvium; in which situation it is considered to be a 
product of a former cycle of soil formation. Similarly, where a 
cemented pan (probably due to finely dispersed hydroxy-iron com-
pounds) has been observed in the shallow and stony soils on the 
terraces and fans , it is invariably associateu with part of a 
buried solum. Consquently one is forced to conclude that either: 
(i) neither type of pan formation is currently occurring 
as the present environment is not conducive to pan 
formation; or 
(ii) the more recent deposits of loess are not sufficiently 
thick to allow effective pan formation to occur; and 
(iii) in the case of both types of pans, soil fo.rrnation has 
not been operative over a sufficient length of time to 
prod uce the conditions required for pan formation. 
(b) In Chapter VIII the importance of the effects of the 
drift regime have been discussed in some detail but no mention has 
been made of the process of flushing. In the Mowbray catchment 
there is a lack of definite morphological evidence indicating that 
this process has occurred. Flushing is considered to be a common 
process affecting the formation of high country soils and it is not 
unreasonable to suppose that it does occur in soils on the steeper 
slopes within the catchment. However, the lack of evidence for 
this process woul ~ tend to indicate that the precipitation 
experienced in the Mowbray is minimal for the effective operation 
of the process and as such, it has had only a very minor effect 
on the soils of the region . 
(c) The complex relationships between the morphological 
assessment of development , and the various phosphorus fractions in 
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the soils derived from loess reveals that : 
(i) there is no simple relationship between the individual 
s o il series derived from loess and emphasises t he need 
to interpre t these soils as a polysequence; and 
(ii) the semi- detailed phosphorus fractionation as used in 
this study is not sufficiently determinative to reveal 
t he nature , direction and site of transformations which 
are taking p l ace . 
(d) Soils derived in the main or in part from colluvial 
materials have a more obvious relationship with the P fractions as 
determined and Pa/PT , o r Pa/Pinorg ratios fo r these soils reflect 
the direction of development as assessed from morphologyo 
(e) The apparent distribution of phosphorus within the soils 
derived from loess and those derived partly or in the main from 
colluvial materials indicates the effect of the drift regime in the 
formation of both classes. In those soils derived from loess 
Pinorg is associated with the silt fraction while in the latter 
class changes in the Pinorg as a % PT relate to changes in the sand 
fraction . This would suggest that in future studies , a detailed 
fractionation of the inorganic P in the silt fraction of loess 
derived soils and of the sand fraction of colluviated soils could 
be sufficient for an elucidation of the genetic picture. 
(f) On the basis of the l imited number of observations made 
on the crystalline clay fraction , only a probable sequence of 
weathering of silicate minerals is suggested in Figure 30 . In 
addition the following points have emerged : 
(i) the chlorite identified by the heat stability of the 
14 ~ peak following K+ saturation is considered to be 
pedogenic chlorite (i . e . secondary (Al , Fe , Mg) chlorite 
of Jackson (1964)} p 
(ii) gibbsite is being rapidly fonned during the weathering 
of feldspars and ferromagnesian minerals in this 
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environment - this transformation probably passes 
rapidly through a stage during which amorphous hydrous 
oxides of Fe , Al , and Si are formed. The occurrence 
of gibbsite is commonly associated with decomposing 
greywacke stones within the soil profile ; 
(iii) both forms of clay- vermiculite as determined according 
to Fieldes (1968) and Claridge (1969) have been iden-
tified , and t hey can be related to soil cond i tions as 
follows : 
(iv) 
low ex ch Ca 
2+ 
and pH 5 . 5 clay-vermiculite (2) 
very low ex ch Ca 
2+ 
and PH ' 5 . 5 clay- vermiculite (1) 
the presence of clay-vermiculite (2) in strongly acid 
soils , although possible indicative of changing soil 
conditions , is considered both with metahalloysite and 
montmorillonite to be derived from a previous weathering 
cycle or by wind transport from adjacent regions . 
(g) The principal influences exerted on the formation of the 
soils of the Mowb r ay cat chment are the processes of the Drift Regime. 
Subordinate to t he s e e ffec t s are the influences exerted by t he 
factor topograph y . Cl imat e , vegetation , parent material and time 
have all exerted varying degrees of influence at different sites , 
thus tending to complicate the pattern of soil f ormation within any 
soil group or topographic association. The major influences 
affecting the various classes of soils may be summarised : 
(i) Soils developed from alluvial aepos its under conditions 
of free drainage reveal the influence of the texture of 
the parent material and the time the effects of climate 
have had to operate . Under conditions of impeded 
drainage all o t her effects are subordinate to the 
i n fluence o f a high standing water table . 
(ii) soils derived f r om loess have resulted in the main from 
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the effect of the drift regime, as manifested in the 
transportation and accumulation of loessial deposits . 
Aspect, site exposure and the level of the ground 
water are all influences due to topography which have 
tended to confound any simple sequence which may have 
been induced by a uniform blanket of loess . 
(iii) Soils e ither partially or wholly derived from colluvium 
have been affected to the greatest extent by the various 
processes (mixing, removal and accumulation , and renewal 
from below) of the drift regime. Variations in topo-
graphy and vegetation tend to enhance differences created 
by variations in the intensity of the different processes 
of the drift regime. 
(g) In addition , variations in the time during which the 
soil forming processes have been operative, variations and changes 
in the nature, dis tribution and completeness of vegetative and wide 
differences in the chemistry, minera logy and texture of the parent 
material have tended to complicate the soils pattern and genetic 
picture. The influence of climate over the whole catchment is such 
that it is possible to divide the region into three main soil zones: 
(i) zone of yellow-grey earth formation where the soils may 
experience five months or more when soil moisture is 
below field capacity and where the rainfall ranges from 
28" to 32" annually; 
(ii) zone of upland and high country yellow-brown earth for-
mation where the soils are rarely below field capacity 
in any one month , although short periods below field 
capacity may be experienced - rainfall exceeds 35" annually ; 
(iii) zone of formation of yellow-grey earth to yellow-brown 
earths intergrade where the soils may be below field 
capacity for up to five months annually but usually for 
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TABLE 16 Genetic Relationship of Soils on Older Fans, Rolling, Hilly 




(h) Soils developed over alluvium show a progressive 
inc r ease in development with increasing age : 
Tasman Ashwick Mowbray Meikleburn 
(poor d rainage) (imperfect drainage) 
Taitapu Wakanui 
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The development of those soils on the older fans , rolling and steep 
hillsides is summarised i n Table 16 0 
5 . Clas sification 
(a) The soils of the Mowbray catchment have been classified 
according to the three major systems of classification which have 
been used in New Zealand since the late 1940s . The advant ages and 
disadvantages of each system have been discussed in Chapter VI and 
the relationship between them is illustrated in Table 17, wherein 
the soils of the catchment are classified according to each systerno 
(b) The soils of the Mowbray catchment can , in general, be 
classified on morphological and envir onment al bases according to 
the common genetic classification . Some disparity does exist when 
considering the position ing of the shallow and stony soils on the 
terraces and low angle fans. In particular, the Ashwick and Mowbray 
series , which no longer have AC profiles and so cannot be considered 
as recent soils; by their friable consistence, crumb structures in 
the A horizons and fine nutty and crumb structures in the B horizons, 
have a greater similarity with the yellow- brown earths than with the 
yellow- grey earths , despite their occurrence in the yellow-grey 
earth zone . Similarly, there appears to be inadequate allocation 
for the positioning, within this classification , of the shallow litho-
solic-like soils such as the Tekoa profile recorded in Appendix lo 
In r e lation to the major groups, the following are points of 
divergence from the general chemical a n d mineralogical trends 
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Tengawai series ) 
(Tengawai hill soil) ) 
Lookout series ) 
Puketeraki series ) 
(Puketeraki hill soil)) 
Tekoa series 
Kaikoura series ) 
(Kaikoura hill soils)~ 
Kirkliston series 
Table 17 Comparison of Soils of the Mowbray Area Classified 
Physioqraphically, Genetically and Constitutionally 
Common Genetic 
Classification 
Recent soil on al luvium 
Dry-hygrous YGE 







Hygrous upland and 
high country YBE 
Dry-hygrous upland and 




























chloro - 1 Verrnosol 
illo - 2 verrnosol 
chloro-Illosol 
1 verrno-Chlorosol 
chloro - l Vermosol 
(i) Yellow- grey earths , in the Mowbray catchment -
1 . C. E . C. is medium in the A horizon and declines 
in the B horizon , rising again in the c (or BC) I c 
horizon . 
2 . There is a ri·se i·n h 2+ + exc angeable Mg and Na in 
the lower profile of the yellow- grey earths (and 
yellow- grey to yellow- brown earths intergrade) 
developed from loess over an old er loess , but this 
trend is not parallelled in the stony yellow- grey 
earths on hil ly and steep lands . 
3. The presence of the fragipan is accompanied by 
+ 
lower levels of K than in the solum above , and this 
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is considered to be furth e r evidence in support of the 
idea that his feature is an older compact loess layer 
rather than a fragipan of genesis in the current cycle . 
4. B horizons of the soils developed from loess have 
higher levels of expanding micaceous clays than their 
A horizons , but this may be due to inheritance from 
the underl yin g compact l oess, which commonly has even 
higher levels of such clays , than the horizons above. 
The reverse t rend is apparent in the stony yel low- grey 
earths on hilly and steep lands o 
(ii) The yellow- grey earth to yellow-brown earths intergrade 
show similar trends to those noted aboveo In addition 
they show an abrupt decrease in total P below the A horizon -
a requirement noted by Soil Bureau Staff (1968b) . 
(iii) Upland and high country yellow-brown earths in the Mowbray 
catchment show simil ar trends in chemistry and mineralogy 
to those out lined by Soil Bureau Staff (1968b) . Exceptions, 
however , are where these soils intergrade to lithosols. 
Such intergrades show : 
1. increasing l evels of exchangeable 
B . S . % with increasing profile depth; 
bases and 
2~ in particular , increasing levels of exchangeable 
K with increasing depth, a situation typical of 
the high country yellow- brown earth zone. 
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(c) The t echnical genet ic classification provides a much 
greater definity at higher and mid-levels of classification and is 
capable of separating soil s of only general similarity which were 
grouped together by t he common genetic classification . By taking 
the technical c l assif i cat ion to the lowest l evels, it is possible 
to identify individual soil types in terms of morphology and soil 
forming processes (Appendix 1) • 
(d) The constitutional classification has a capability for 
indicating the direction of genesis and genetic stage attained by 
a soilo It can be useful in indicating poly-genesis and buried 
horizonso It is limit ed , however , by the sophisticated techniques 
required for the provision of data for its functioning , and it is 
because of this limit a tion , t hat only some of the soils of the 
Mowbray catchment have been so classified (Tables 14 and 17) o 
On the basis of constitut ional assessment of the A horizons 
it is possible to show the similarity of stage of development 
attained by soils in d i ffe r ent environments , and in particular to 
show the basic mineralogical similarity between recent loess deposits 
and greywacke colluvial debris . By continuing this examination into 
the B and c horizons , it is possible to trace the course of previous 
soil development and so by inference identify those soils which have 
either recently been rejuvenated or those which have not been sub-




The various survey techniques employed during the detailed 
soil survey of the Mowbray catchment have been discussed . 
Particular emphasis has been placed on the use of aerial-
photographic interpretation in the delineation of the soil pattern 
and the preparation of the soil map at a scale of 20 chains to one 
inch. Aerial photographs provided a satisfactory base for the 
rapid identification of soil mapping units on the basis of the 
a ir-photo aspect of their surface features. Preliminary traverses, 
where possible aided by aerial reconnaissance served as a platform 
on which to establish a satisfactory terrain/photo-aspect key. 
Later detailed traverse over pre-selected routes enabled the 
characterisation of units established anu revealed the range of soil 
individuals likely to be encountered within each unit. 
Because of initial correlation difficulties , the soils were 
mapped according to a temporary legend which provided differen-
tiation on the basis of parent material, topography, drainage , 
morphological development and the arrangement of horizons. Once 
the field data had been assembled and the results of chemical 
analyses were available correlation with existing, established 
soil units was carried out subjectively with the aid of a 
correlation table. 
Samples were Collected from the maJ·or genetic horizons of 
15 a Volume Weight basis) and these were subjected profiles (14 on 
A rapid phosphorus fractionation to routine chemical analyses. 
was carried out and this yielded the information : 
= Pa + Po + Pf 
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In addition X-ray diffractograms were prepared of the A, B and c 
horizons of each profile. The presence or abs ence of met ahalloysite 
and gibbsite, su spected on the X-ray diffractograms , was checked 
with DTA and IR techniques . 
The factors of the present and past environment of the Mowbray 
catchment have been discussed . Particular att ention has been paid 
to vegetation changes since the Otiran glaciation . Periods during 
which rapid sedimentation formed fans and terraces , have been 
r elat ed to similar periodic depos itions on the Canterbury Plains , 
and to events on the rolling, hilly and steeplands of the catchment . 
The significance of such post- glacial events in the formation of 
surfaces of pedological development has been outlined . Four 
periods of s edimentation a nd e r o sion have been recorded. They 
occurr in immediate post- Otiran times , about 6, 400 years , 2 , 500 years 
and 900 years agoo 
The environmental and morphological ranges of the following 
series, which occur in the catchment have been discussed : 
Yellow-grey earths -
Wakanui s eries 
Sherwood series 
Opuha series 
Tengawai s e ries 




Clayton serie s* 
Skipton serie s 
Kakahu series 
Upland and high country yellow-brown earths -











* Four new soil series were proposed to cover soils which were 
sufficiently distinct from related series to warrant differentiation 
at greater than type or variant level . 
The variability likely to be encountered within these series 
was investigated by selected very detailed quadrats and traverses . 
The ir classification in terms of the common genetic , technical 
genetic and constitutional systems have been discussedo The advan-
tages of each system in r elation to the soils of the Mowbray catch-
ment are outlined . 
The processes and factors of soil formation influencing the 
direction and degree of development of the soils of the catchment 
have been discussed in some detailo The processes of the "drift 
regime" have exerted the greatest influence in the formation of the 
soils of the area . Soils deve loped on alluvium are conside red to 
form a hydro-chrono- sequence ranging from the present to early 
post-glacial times . The soils derived from loess, which blankets 
the older fan surfaces and downlands , form a complex of inter-
related, topo- climo- hydro- sequences . The loess from which they 
are derived is considered t o be of post-glacial origin and rests 
upon pre-weathered l oe s s or mixed loess and colluvium of late 
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Otiran age . On the steeper hillsides , soils derived from essen-
tially colluvial slope debris deposits, have been subjected to 
active mixing, erosion , accumulation and renewal by the introduction 
of fresh detritus at various times in the post-glacial period. 
Relatively stable sites on ridge crests indicate the current stage 
of weathering since the disappearance of permanent snow above 
3500 ft about 10 , 000 year s ago , and point to a fair degree of 
stability in the soil s on s t eep slopes. A small area of Kirkliston 
series reveals the exten t of soil development reached during the 
last interstadial and t he ensuing period . 
The soils of the Mowbray catchment are unique in that they 
form a bridge between the soils of the coastal downs and plains 
and the high country , glacially influenced, basins . They show 
that even small river valley systems are capable of producing 
considerable quantities of loess and reveal that while steepland 
high country soils are potentially unstable , the normal situation 
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INDEX OF SOILS 
Soil Series Page in Page in Map No . text App.1. 
-----
Ashwick 109 Joo 4 
Clayton 129 307 9 
Kaikoura 163 328 16 
Kakahu 137 3 10 11 
Kirkliston 171 334 17 
Lookout 149 320 13 
Meikle burn 117 302 6 
}towbray 114 30 1 5 
Opuha 127 305 8 
Puketeraki 152 322 14 
Sherwood 123 303 7 
Skipton 132 JOB 10 
Taitapu 104 299 3 
Tasman 94 297 1 
Tekoa 158 326 15 
Tengawai 144 314 12 
Wakanui 100 298 2 
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fractions in Horizons of Selected Profiles JJ7 
Soil Profile Description Sheet J40 
APPENDIX 1 
Detailed Prorile Desc~i~~<2l!..~ of Each Series and Chemical 
and Mineralogica~~a of Selected Profiles 
lo Terminology used in site and profile descriptions is 
based on that proposed by Taylor & Pohlen (1962) with 
amendments and additions outlined in Chapter III. 1 . 
(4), pages 43 - 47 , of this report. 
2. Chemica l and mineralogical techniques employed are 
based on Metson (1960) and Claridge (1969), with 
amendments and add it ions as oulined in Chapter III 
4e pages 57 - 61, of this report . 
J. Frequenc i es of crystalline clay minerals are indicated 
as follows -
A = 50% very abundant 
a = JO - 50% abundant 
c = 10- 29% very common 
c = 5 9% common 
s = 1 - 4% scarce 
R = 1% rare 
p = presen ce noted but not determined 
quantitat i vely 
4. The total for Interlayered Hydrous Micas includes both 
d d interlayered chlorites . illite-vermiculite intergra es an 
profile No: MC.5 
297 
Soil type: Tasman sandv ilt 1 ~~--~--~- s oam (Tasman series) 
Location: About 600 ya d r s south-east of Meikleburn Homestead on the 
lower part of the Mowbray fan . 
Map sheet: S.90 . Grid reference : 53651280 . 
Terrain: Level. Slope: 2°. 
Landf orm : Toe of Mowbray fan overlain b Y recent flood gravels from 
the Mowbray river. 
Aspect: Level. Elevation: 1840' asl . 
Drainage - site: Very well drained. 
internal: Well drain ed - ·d th rapi rough drainage. 
Vegetation-present: Brown top, scattered hard & silver tussock, 
matagouri . 
past: Probably poor Podocarp forest followed by tall 
tussock grassland. 
Rainfall: 2811 • 
Parent Material: Coa rse greywacke alluvium . 
AC 
c 
0 - 311 Very dark greyish brown (2.5YJ/2); sandy silt loam; very 
friable; moderate root binding; moderate fine crumb and 
fine granular; abundant roots; few casts; very porous; 
rare sub-rounded stones and small boulders right to 
surface; grey and powdery when dry; indistinct boundary-
J - 5" Dark greyish brown (2.5Y4/2 ); sandy silt l oam ; very 
friable; weak fine nutty breaking to fine crump and 
fitting fine granular; many roots; few casts; common 
fine pores ; rare rounded greywacke gravels and s ub-
rounded stones ; distinct boundary to -
5-- 11 " Brown (10YR4/J); very stony sandy loam; loose; very weak 
fine granular tending to fine crumb; many roots; very 
porous; very stony subrounded and rounded g~eywacke 
gravels and stones and small boulders; merging to -
11 " + Brown {10YR4/J) extreme ly stony loamy sand ; loose and 
structure l ess ; few roots; very porous; extremely stony 
rounded greywacke gravels and stones and subrounded small 
boulders . 
Technical Classification: Subhygrous to dry-hygrous moderately to 
to strongly enleached luvic soil from weakly argillised 
greywacke alluvium. 
Profile no: MC. 320 
Soil type: 
Location: 




Wakanui si l t lo (W k . ~~~-~-~'!.!!!. a anui series}. 
Just east of Kirke ' s Road 
Level . 
on the Meikl eburn floodplain . 
Grid reference: 52951205 . 
Slope: 1 °. 
Appears to be a n old fl d oo plain of the Meikleburn . 
N.N.W. Elevation: 1870' as l. 
Drainage-site: Imperfect . -in t erna 1: Somewhat impeded. 
Vegetation : Carex se., brown top and white clover . 
Rainfa 11: 2811 • 
Parent material: Fine greywacke al luvium and resorted loesso 
A11 0 - 3" 
IIB g 8 -12" 
1 
rrrc 1 g 21-2611 
Ve:y d ark greyish brown ( lOYRJ/2}; silt loa.n ; very 
friable to_ l oose; st rong medium and fine granular 
and weak fine crumb ; abundant roots; few distinct 
casts ; indistinct boundary to -
Very dark greyish brown (lOYRJo5/lo5}; silt loam; 
very friable to friable (peds fr i able} ; strong very 
fine nutty with fittin g and n on-fitting fine and 
medium granular; many roots and casts ; rare channels; 
few fine distinct dark brown linings in root chan-
nels ; diffuse boundary to -
Grey (10YR5/1); heavy s il t l oam; friahl e (peds fri -
able to firm); weak to mode~ate fihe 'nd medium nutty; 
common roots ; few casts; few channels ; c omm on fine 
distinct dark yellowish brown and olive brown mottles ; 
rare reddish brown linings in root channe l s and pores ; 
irregular and diffuse boundary to -
Grey ( 10 YR5/1 ); s ilty clay loa~; friab l e (peds fri-
able to firm); very weak coarse blocky tending to 
form coarse prisms on drying; ra r e roots ; few casts ; 
few channels; many f ine and medium prominent yellowish 
brown mottles; pal e yellow surrounds to root chan-
nels ; indistinct boundary to -
Pa l e olive brown (5Y6/2 }; very fine s andy clay loam; 
friable to firm ; structureless but probable tendency 
to form weak prisms on drying; rare roots ; _rare chan-
ne l s ; common fi n e and medium pores ; many ~in~ a:d 
medium yellowi sh brown vertical streaks ; indistinct-
Pale olive brown (5Y6/2 }; sandy loam; friabl ~; struc -
e roo ts· few channels; common f i ne a,d tureless; rar ' . . . any fine and medium yellowish brown 
medium pores, m 
vertical streaks ; indistinct boundary to -
26" + Light brownish grey (10YR6/2); stony loamy sand ; 
very friable; weak crumb - lake aggregation ; 
common fine Mn specks ; common f ine and medium 
yellowish brown mottles; stony with sub-rounded 
greywacke gravels to l arge stones . 
Techni cal classification: Weakly en l eached , moderately 
g l eyed , madenti - pa11ic soil with very 
weakly developed fragipan from greywacke 















Profile no: t\1C. 51. 
Soi 1 type: 
Lo ca ti on : 
T!itaeu silt loam (Taitapu series}. 
~bout 250 yards south of the MeiklebJrn 
Just to the east of Kirke's Road. bridge a:ld 
)tap sheet : s . 90 . 
Terrain : Leve 1. 
Grid reference: 52301 2 45 • 
Slope: 0.5°. 
Lan::lform: Floodplain of the Meikleburn - about 2 - 3 ' above current channels. 
Aspect: Level. Elevation: 1850 ' asl. 
Drainage-site: Imperfec t-only slowly draining. 
-internal: Poorly drained-waterleve l at 20". 
Vegetation: Reeds, red and hard tussocks, brown top, sweet vernal 
and Yorkshire fog dominant
0 
Rainfall: 2811 • 
Parent m~terial: Recent fin e alluvial sediments . 
29~ 
All 0 - J" Very dark greyish brown (lOYRJ/2-4/1); silt loam; very 
friable ; strong root binding; moderate medium and fine 
fin e granular; abundant roots; few casts; poro~s ; 
common unstained lJartz grains; indistinct boundary to-
Al2 J - 7" 
IIABg 7 -10 11 
II(B}G 10-1411 
Dark grey (10YR4.5/1}; silt loam ; friable; moderate 
root binding; moderate to strong fine and very fine 
n~tty and moderate fitting fine granular; many roots; 
few cast granules; common fine channels; few pores; 
few unstained quartz grains ; com~on (5%) fine distinct 
grey and yellowish red streaks along root channels ; 
irregular and diffuse boundary to -
Grey (10YR5/1); sandy silt loam; friable to very fri-
able; weak root binding; moderate to strong medium 
and fine nutty and moderate f lne cast granular ; co:nmon 
roots; common casts of A12 material; com'Don old and 
existing root channels; few t o common fine pores; 
many ( 20%) fine pro'llinent very pale brown, light yel-
lowish brown and yellowish red streaks along chan-
nels: irregular and diffuse boundary to-
Greenish grey (5GY6/1); loa'D to si~t loam; ~riable to 
very friable; weak to moderate mediun_a~::l fin e nutty; 
rare roots· common casts of ABg ~aterial; common 
channels ; ~ommon to many f~ne and medium pores; many 
(50%) fine and medium prominent ve:y pale brown and 
bro~nish yellow mottles giving variegated appearance; 
indistinct boundary to -
III (BC )G 14-18" Greenish grey {5GY6/1); sandy clay loam; friab~e to 
· 1 . k a"ld moderate coarse and me dium very friab e, wea . t· d · · 
nutt to blocky tending to weak prisma ic_on rying, 
y 1 . ny pores· many (50%) fine and med-
~o~Tion c~anenn: ys~l~~wish bro~n and light grey mottles; 
i um pro1t11n 
distinct boundary to -
IVCG 18" + Variegated light grey (5Y6/t} and yellowish brown 
{10YR5/6 }; loamy sand to sandy loam ; friable to 
very fr i able ; very weak coarse nutty; common 
channels; many pores. 
I_~ch11!_caL<2..~~sification: Hydrous, very weakly enleached, 
madenti- luvic soil from sub-mod e rately argil-












Profile no : MC . 82 . 
Soil type : 
Location: 
Ashwick silt loam . (A 
shwick series) . 
Beside two obvious 1 bray gorge . pop ars on the centre of the Mow-
Map sheet : S . 91. 
Grid refer ence : 56300 7 70 • 
Slope : 5° . Terrain : Gently sloping . 
Landform: Strongly dissected low fan on the n orth 
Lucas ' s ~ill . side of 
Aspect : l\ . E . 
Drainage-site : Well drained . 
Elevation : 2300 ' as l. 
-internal : We l l drained . 
veg e t a t i o :1 : 
Rainfall : 
Brown top, mous e ea r , sweet vernal 
agouri and snow tussock . Previous l ; 
and tall tussock grassland . 
J 1" • 
scattered mat -
Podocarp f or est 
hrent material: Greywacke debris and slope - wash from ad j acent 
hillside. 
JO ()} 
\ 0 -2.J. 11 
rl 11 ... Greyish brown (dry 2. 5Y5/2); gritty si l t loa~ ; loose 
to slightly hard; some peds hard ; moderate root 
binding; mode r ate to strong fine granular; abundant 
r oots ; few fine casts ; porous ; indistinct boun dary to -
AB 6 - 8 11 
BS B -11 " 
Dark greyish brown (2 . 5Y4/2); gritty s ilt loam ; 
very friabl e to friable; some peds firm; st r ong fine 
granular a nd weak fine crumb ; abundant roots; common 
cast granules; porous; few subangular moderately 
weathered argi llit e grave ls and small stones ; 
indistinct boundary to -
\cl lowish brown (slightly dry 10YR5/4) ; gritty silt 
loam; very friable to friable ; some peds f i rm ; st:ong 
mcdiun and fine granular , mod erate to weak ver y fine 
nutt} and wea k fine crumb ; many roots ; many casts 
as inclusions of Al2 ; porous; few subangular weakly 
weathered a rgillit e grav e ls and small ston es ; 
indistinct boundary to -
Ye ll owi sh brown (10YR5/4); stony gri tty_ s il t lo;~; 
fri~ble to firm ; moderat e to strong medium an~ ine 
granular and weak to moderate fin~ and ~e ry f~n!B · 
nutt . many roots ; many casts as inclusion ~ o_ ' 
poro~~ · stony subangular gr eywack e and argi l l i te 
eravel~ and s t on es ; distinct boundary to -
( 2 SY6/4) · gritty heavy silt Light ye ll owi s h brown. · nutt ~reaking to moderate 
loam; friabl~; weak f~nc. f ewyroots ; few casts as 
medium a nd fine granu ar , f" channels · few to com-
inclusions of BC ; com~on d~ntei·nct yell~wish brown 
f . . few f 1ne i s mon ine pores, . stones · few s u bang u lar 
~ottlcs fr om d ecomposing th d greywacke grave l s 
1 t trongly wea ere mo<lcr~te Y ? s. . t b oundary , merging to -
and stones ; indi st inc 
uBC 17" + Light yellowish brown (2.5¥6/4); stony silt loam; 
mode rat e ly compact; peds firm; weak me dium and fine 
nutt y ; rar e r oots ; common fine chan nels ; common 
fine p ores; f ew fin e distinct ye llowish brown mot -
tles fr om decomposing stones ; stony subangular 
moderat e ly weathered greywacke gravels to l arge 
stones increasing with depth. 
T echnical c l assificat i on : Strongly enleached (some weakly iron 
illuvial) palli-fulvic soil from weakly and mod-
erate l y argillised grcywacke and argil l ite gravels 



















Profile No : 
Soil type : 
Loe a ti on : 






~1owbray s i 1 t loa~ ( Ashwick set ) 
On second distinct terrace of Mowbray about 4o 
of S . E. boundary of Meikleburn station . 
s . 91. 
Leve l . 
Grid r efe rence: 5545991o . 
S l ope : 1°. 
Terrace on edge of l ow-level fan . 
Level. Elevation : 2095' as l. 
30 1 
yard s sou th 
site : Well drained; - internal : Very we ll drained. 
Vegetation - present : Brown top, 
matagouri . 
mouse ear , hard tussock and scatt ered 
past : 
Rainfall : 30" • 
Scattered Podoc a rp 
sock grassland . 
forest f ollowed by tall tus -
Parent m'lterial : Coarse greywacke alluvium and greywacke l oess . 
All 0 - 2 1 Very dark greyish brown (2.5Y3/2); loam to s il t l oam; 
very friable to friable (peds friable); strong medium a nd 
fine granular ; moderate root binding ; many r oo ts; porous; 
few cast granules ; rare fine rounded grave ls; indi stinct 
boundary to -
2 ~ - 6" Drak greyish brown (2 . 5Y3 . 5/J ); s ilt loam; very friable 
(peds friable) ; weak root binding ; weak fine nutty and 
moderate to strong medium and fine fitting and non-fitting 
gran ular ; many cast granules ; few pores; many roots; rare 
rounded gravels ; indistinct boundary to -
(B) 6 -1 3" Olive brown (2.5Y4/4); very stony silt loam; very friabl e ; 
very weak fine nut ty and fine grabular ; many roots; very 
porous ; few cast granules; very stony rounded and sub-rp 
rounded gravels to small boulders of greywacke alluvium ; 
indist i nct boundary to -
(B)C 13-"+ Ol ive brown (2 . 5Y4/4 ); e xtremely stony sandy loam; loose 
to very friable; structureless ; extrem~ ly stony rounded 
and sub-ro unded gravels to small boulders . 
Large stones and scatter ed bou l ders may occ ur right to andon the 
surface . 
Technical classification: Strong l y e nl eached palli-fulvic soil f r om 
weakly argi llise d greywacke al luvium and sub-moderately 
argi lli sed loess. 







Meikleburn silt loam (Ashwick set) . 
Upper part of Orari fan bbout 6 
ho~estead . OO yards WNW of Mei k l eburn 




Grid reference: 51951395 • 
Slope : 1 o . 
Elevation : 1920 ' asl. 
Vegetation-present : Snow tussock, hard and · 1 si ver tussock, sweet vernal 
and brown top . 
past: Tall tussock grassland \di.th scattered pd • o ocarps. 
Rainfall: 28 11 • 
Parent material: Greywacke alluvium and rewashed loess . 
A 0 2 .1.11 11 - ' 
AB 6 - 9" 
c 19" + 
Dark greyish brown (2.5YJ . 5/2) silt l oam (with grits); 
l?ose to very friable; moderate to strong fine crumb and 
fine granular; abundant roots; few casts; rare fine 
c~anne l s ; few fine white insect nests; porous ; indis-
t inct boundary to -
Dark greyish brown (2 . 5Y4/2); si l t loam (with grits); 
very friable; moderate fine crumb and fine granular, tend-
ing to very weak fine nutty ; many roots ; few casts; few 
fine channels; porous; indistinct boundary to -
Brown (2.5Y4/J) ; gritty silt loam; very f r iable ; mod er-
ate to weak fine nutty and mode rate fine crumb and fine 
granular ; many casts; few roots; few channels; few to 
common fine pores; distinct boundary to -
Dark olive brown (2.5Y4/4); gritty silt l oam; friable; 
weak to moderate medium and fine nutty and f in e granular 
and crumb; common roots; few ca st granules ; few fin e ch.ann -
ne ls; few to common fine pores ; indistinct boundary to -
Light yellowish brown (2 . 5Y6/4); gritty s il t l oam ; friable 
weak medium and fine nutty with some fine cast granules 
and some fine crumb; few roots ; few fine channels; com-
mon fine pores; merging to -
Light yellowish brown (2 . 5Y6/4); stony loam; friable to 
firm; stony to very stony sub- rounded gravel to l arge 
stones of very weakly weathered greywacke . 
Technical classificat ion : Very strongly en l eached fulvi - pallic soil 
from moderately argillised greywacke grave l s and sub-mad-
erate ly argillised greywacke l oess . 
Profile no: MC.53 . 303 
Soi 1 type : 
Location: 
Sherw~ silt loam . (Sherwood series) • 
About 700 yards NE of th '1 "k e south-western corner of 
. ei leburn station. 
Map s'1°et : S . 90. Grid reference: 51551 075 • 
Slope : 5.5°. Terrain : Gently sloping . 
Landform: 
Aspect: 
Low fan . 
Northerly . Elevation: 2020 ' asl . 
Drainage-site: Wel l drained. - internal: Moderately well drained. 
Vegetation-present: Poor pasture with short and tall tussock . 
-past: Podocarp forest followed by tall tussock. 
Rainfall : 30 II • 
Parent material: Loess. 
0 - 2 11 
2 - 5" 
AB 5 - 8 11 
8 -13" 
13-1811 
V~ry dark greyish brown (10YR3/2); dry 10YR5 . 5/1; 
silt loam; lo?se_to very r~iable (peds very friable); 
strong root binding; moder~e fine granular and 
fine crumb; loose and powdery when dry; abundant 
fine roots; few casts ; porous; on drying shows 
rare fine light olive grey spots; indistinct 
boundary to -
Dark greyish brown (2.5Y4/2), dry 2.5Y6/2; silt loam; 
very friable (peds friable); weak root binding; 
strong very fine nutty and fitting medium and fine 
granular; many cast granules ; many roots; common 
inclusions of AB; few channels ; few pores; indistinct 
irregular boundary to -
Olive brown (2.5Y4/3), dry 3 . 5Y7/J ; silt loam; 
very friable to friable (peds friable); strong very 
fine nutty and fit t ing medium and fine granular, 
many as cast granules; many roots; common fine chan -
nels; few pores; rare fine prominent yellowish r ed 
spots from decomposing stones (or concretions ); 
distinct boundary to -
Light yellowish brown (2.5Y6/4), dry ~Y7/3; heavy 
silt loam; friable (peds friable. to firm); moderate 
mPdium and fine nutty and some fine granular; ?ommon 
t . common casts as inclusions of· AB; few cnannels 
~~~~~ fine pores; few very thin clays~in~ (J . 5Y6/3) 
lining pores and channels; rare fine distin~t brown-
ish yellow and orange mottles from decomposing stones 
(or concretions ); indistinct boundary to -
Li ht yellowish brown (JY6/4), dry_5Y7(J ; si lt y 
g f · kle to firm (peds firm) , moderate 
clay 1 o am; r i a'-' · d f' ntJtty · few roots; fe\'1 casts; 
medium an ine ' 
common fine channe l s ; common fine pores ; few very 
thin clayskins (J . 5Y6/J) in pores and channe l s ; 
common fine faint brownish yellow and pale yellow 
vertical streaks along roots and channels; dis-
tin c t i rr egul a r boundary to -
Dx 18-2411 + Pale olive (4Y6/4) , dry 5Y7/J ; silt loam ; compact 
a~d ~assive; rare casts; ~any fine channels; ma~y 
pores ; common brown (7 . 5YR5/4) clayskins lining 
pores and channels; common fine and medium distinct 
l ight g r ey and few strong brown spots and vert -
ical streaks . 
Lec~~ai_classi fication ; Very strongly enleached , weakly clay 
illuvial, subgarnmate , weakly gleyed pallic soil 
with moderately deve l oped fragipan , from moder-















f ' l "To. MC S~ Soil Type : SF • R.!OOD ·ro i e -' . SILT LO\.M - '?"9' -
DeRth pH c % N % C/N C.E. C. ~- B. S . Exch . Cations . me<i y, inc es meq . % Cations . % Ca Mg K D -
• 1-4 5 . 1 3 . 7 
0 . (11 18 11 . 10 1 . 32 12 0 . 6 0 . 4 0 . 21 0 .1 -
J 5-7 5. 1 2 . 5 0 . 15 17 9 . 78 0 . 76 8 0 . 3 0 . 2 0 . 18 0 . 1 
-
:; 
9-12 5 . 3 
21 
0 . 9 0 . 08 11 7 . 24 0 . 57 8 0 . 2 0 .1 0.12 0 .1 
-
~2 
14- 17 5 . 4 0 . 4 0 . 04 11 7 . 76 0 . 99 13 0 . 5 0 .3 0 . 08 0 . 1 
119- 22 5. ':" ~ - 5 0 . 03 16 8 . 56 1 . 84 21 0 . 9 0 . 7 0 . 05 0.1 
Pa Po Pf Pt Who le Soil °lo On fine earth 
ppm ppm ppm ppm Gravel Stones Sand Silt Cla 
203 597 91 891 34 44 22 
~ I 164 471 139 774 nd nd nd 
·'1 173 352 103 628 41 37 22 
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199 116 19 334 41 4? 16 
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Profile no : MC.79 . 
Soil type: 
Location : 
~tap sheet : 
Terrain : 
OE_uha hi l l soil lsilt loa:n) Opuha . 
-- --- · ' series. 
o~ side of Luc I h"ll 4 as s i about 00 yards south of 
the gate on the track to the Mowbray rain ga;ge. 
S.91 . Grid reference·. 5590::>315 . 
~oderately steep. Slope : 18° 
Landform: Mid - slope on strongly sloping ridge side . 
Aspect : NN~ . Elevation : 2J50 ' as l. 
Drainage-site : Moderately well drained. 
-internal : Moderately well drained but somewhat impeded 
below 22". 
Vegetation - present: Brown top , sweet vernal and mouse ear , with 
rare sweet briar, hard tussock and matagouri . 
- past : Podocarp f o rest followed by tall tussock . 
Rainfal:l : JJ". 
Parent material : Loess with a slight admixture of greywacke 
slope debris . 
AB 6 - 10" 
Very dark greyish brown (lOYRJ/2) ; silt loam ; very 
friable; weak root binding; moderat e to strong fine 
granular and weak fin e crumb; abundant roots ; few 
casts; few fine white in sect nests ; porous ; i nd i s -
tinct boundary to -
Very dark greyish brown (2.5YJ/2), dry 2 . 5Y5.5/2; 
silt loam ; very friabl e to friable ; moderate fine 
and v e ry fin e nutty breaking to mode rate to strong 
medi um and fin e granular and weak fine crumb ; abJn -
d ant r oo ts ; common casts ; common insec t nests ; 
rare fin3 channels; few to common fine pores ; few 
mode r ate ly weathered angular greywacke stones along 
base of horiz on; indistinct boundary to -
Dark greyish brown (2.5Y4 . 5/2) , dry 2.5Y6 . 5 / 2; 
s ilt loam; very fria?le to friable (peds friable); 
mode r a t e medium and fine nutty breaking to fitting 
st r ong medium and fin e granular; many ro ots; . 
many cast granules; common in sec t nests ; rare f ine 
channels; few to comnon fine pores; few angular 
moderat ely weathered stones ; distinct boundary to -
Ltaht yellowish brown (J . 5Y6/J), dry 5Y7/J ; slight -
ly&heavy silt loam ; very.friable t o fri~ble; weak . 
to moderate medium and fin e nutty and fine granular , 
tendency to fin e platey ; few roots ; few casts ; 
rare fine chann e l s ; few to common fin~ P?re~ ; rare 
angular moderately weathered stones ; indistinct -
J05 
BC 16-22" Light yellowish brown (J . 5¥6/J), dry 5Y7/J; slightly 
heavy silt loam; very friable to friable; weak to 
moderate medium nutty tending to form fine platey; 
rare roots; rare channels; few insect nests; few 
D ( x) 2 2" + 
to common pores; few angular moderately weathered 
greywacke stones; distinct boundary to -
Pale olive (5Y6/J), dry 5¥7/2.5; slightly heavy 
silt loam; slightly co~pact; peds firm to very 
firm; weak coarse nutty tending to coarse pris-
matic on drying; weak platey fracture; rare roots; 
common ~edium and fine channels; few to common 
pores; common fine and medium distinct light grey 
and light yellowish brown and prominent yellowish 
brown mottles; rare angular moderately weathered 
greywacke stones; some dark brown Mn coatings on 
surfaces of some stones and lining some fissures. 
No reaction to allophane field test in either the AB or D. 
Technical classification ; Aoderately to strongly enleached, 
weakly gleyed, weakly s ubgammate pallic soil 
with weakly developed fragipa,, from sub-moder-




































1, 2- 6 5. 6 
. 
JI 8- 10 5 .7 
'2 
12- 14 5. 5 
_, 16- 20 5. 6 ;1. 
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N % C/T c . ...... . ". 
meq . fe 
0 . 19 20 12.22 
0. 14 13 10. 10 
0 . 10 15 8 . 62 
0 . 06 15 8 . 10 
0 . 03 14 7 . 91 







::s- ,...,. < < 
~~ CD CD 
1-j p, ct 1-j 
s s 1-j CD 
0 1-j I-'· J-J· 
~ I-' () () 
rn !l> ~ ~ 
I-' ~ I-' 
13 Cl> J-J· J-J· 
ct ct ...., • 1-j 
Cl> () CD CD 
Al p, 
I\) (/) ~ 
c s c 
c c s 
c c c 
c c c 
Opuha hil l soil (silt l oam ) JO 6 
£ B. S . ,.t;xch . Cations . meq 91 
Cations . % Ca Mg K I a 
6 . 89 56 4 . 4 1. 9 O. J8 0. 1 
5 . 82 58 J . 9 1. 5 O.Jl 0. 1 
J . 67 4J 2. 2 1.2 0 . 24 0. 1 
3 . 11 38 1. 8 1.0 0 . 14 0. 1 
J . 04 J8 1.7 1. 1 0 . 08 0.2 
Nhole Soil% % On fine earth 
Gravel Stones Sand Silt Cla 
1 41 J6 2J 
1 J4 nd nd nd 
1 2 4J J6 21 
1 J 40 37 2J 
1 44 J9 17 
--
s s aq ..0 H) 
(!) I-' · ~ (!) 0 
cr' !l> 1--' 1:::1 ct 
cr' 1-j p, ct !l> s l:l" rn ct rn 
!l> J-J· N "d 0 
!l> ~ I-' ct 




J-J· J-J · 
ct ct 
Cl> CD 
- c - c c 
- c - s c 
- c - c c 
- c - c c 







fillt_2_!!_~ 1 o am --- (Skipton set) 
About 350 yards 
s . 90 . 
south of MeiklebJrn homestead . 
Grid reference: 53301285 
Very gently sloping . Slope: 3°. 
Shallow gully in fo t 1 f 
o s ope o concave part of hillside . 
ENE . Elevation : 1810 ' asl . 
Drainage - site : Receiving site . 
- internal: Poorly drained, water table at 16". 
Vegetation - present: Scattered rushes and sedges - improved as 
clover rygrass pasture . 
Rainfall: 2811 • 
Parent material: Aeolian deposited and rewashed . 
AB 5 -10" 
GCx 21 11 + 
Greyish brown (10YR5/2); si lt loam ; slightly plastic 
and sticky; mo1erate fine granular; many roots; few casts; 
few channels ; common fine distinct dark brown mottles 
lining root channels; indistinct boundary to -
Light brownish grey ( 10YR5 . 5/2) ; silt loam; friable to 
very friable (peds friable); weak to moderate fine and 
medium nutty breaking to strong very fine nutty and 
fitting fine granular ; common roots; common small casts; 
few channels ; m~ny fine and mediu~ prominent yellowish 
red and pale ye llow mottles; distinct and irregu l ar 
boundary to -
Variegated sLrong brown (7o5YR5/6) and pale olive brown 
(5¥6/2); heavy silt loam; friable; weak to moderate 
fine and medium nutty breaking to very fine nutty and 
fitting fine granular; few roots; common fine casts ; 
few channe l s and pores; indistinct boundary to -
Light grey (2.5YN7/-); silty clay loam; friable to fir~ ; 
moderate fine and medium blocky; rare roots; common fine 
channels and pores; discontinuous clayskins in channels 
and pores of pale ye ll ow colour; few fine Mn s~ec~s;_ 
many fine to coarse prominent orange mottles; indi stinct 
boundary to -
Variegated light grey (5Y7/1) and strong brown (7.5:R5/6) 
sli htly gritty silty clay loam; moderateiy compa~t, 
g_ b t tending to show coarse blocky separation; massive u . . . d" t· 
few channels with Mn coated linings, 1scon 1nf~ous . 
k. in channels and common ine pores, 
pale yellow clays ins k nd distinct vertical streaks . 
many fine manganese spec s a 
Technical -- . mod era tely enleached, strongly classification : Dry-hyg:~~s , _ 1 . gammate madenti-fulvi-pall-gleyed , w~akly claytil u~~~eioped fragipan and from sub -
ic so il with modera e Y 
"llised greywacke loess. moderately arg1 
Profile No : MC . 89 . J08 
Soil type : 
Location : 
)lap sheet : 
Terrain : 
Landf orm : 
Aspect : 
Drainage -
Skipton silt loam (Sk· t . 
-~ 1 P on serie s ) 
About 10 0 ,yards west of Trig M. 
S . 90o 
Rolling . 
Moderate l y sloping 
Grid r efer ence : 53751025. 
Slope: 12° 0 
conv ex hillside - upper mid-slope. 
Elevation: 2100·, ·t \: , asl. 
si e : 1oderately well d . 
t 
rained but may tend t 11 
wa er during wetter periods . o c o ect 
We st . 
- internal : Somwwhat impeded . 
Vegetation - present : Hard tussock , brown top sweet vernal, mouse 
snow tussock and scattered matago . 
ear , 
uri. 
- past : Podocarp forest fo ll owed by tall t u ssock. 
Rainfall : J')". 
Parent material : Loess over compact loess . 
All 0 -4 II 
AB 8 -11" 
Very dark ~reyish brown ( 2 . 5YJ/2) ; si l t l oam; very fr i -
able to friable; mo~erate root binding ; moderate fine 
granular and some fine crumb ; abundan t r oots· common cast 
granules ; rare fine channels ; porous ; indist l nct 
boundary to -
Very dark greyish brown (2.5YJ/2); si l t loam; friable ; 
moderate fine granular; many roots; common cast granules· 
rare fine channels ; porous ; few rounded and nodular ' 
iron concretions of very fine gravel size ; i rr egular 
and distinct boundary to -
Yellowish brown (10YR5/4); s ilt l oam ; friable ; moderate 
to strong fine nutty and medium cast granular; common 
roots ; many casts as inclusions of A1 2 ; r are fine chan-
nels; few to co'llmon fine pores ; sligfiely stony with 
rounded Fe concretions and a ng ular cherty greywack e grav-
els ; irregular and d i ffuse boundary to -
Light yel lowish brown (J.5Y6/J) ; gritty heavy si l t l oam ; 
friable (peds friable to firm) ; weak to moderate fine and 
medium nutty breaking to modet'te medium and fl n e granular; 
com'llon roots ; common cast granules ; few fine channe l s ; 
few to common fine pores; common rounded iron concretion s 
and angu lar cherty greywacke gravels ; diffuse boundary -
Light yellowish brown ( 2 . 5Y6/4) ; gri~ty si l ty clay loam; 
firm to very firm; weak fine a nd medium nutty; r are ~oots 
few ca ts · common fine and medium chann e l s ; common fin e 
pores ; 5co~tinuo~s c l ayskin s ( 5y6/2 . 5 ) in chann~ls and 
th i n discontinu os coatings on some peds; few fin ~ Mn con-
t
. . m ny f i·n e and medi um prominent pale ol i ve and 
ere ions, a . . 
b 
· h llo\d mottles· common r ounded iron con cretions 
rowni s ye • ' . and angular cherty greywacke gravels; diffuse boundary -
Cx 20 " + Light yellowish brown (2.5Y6/4); silty clay 
loam; moderately compact; weak fine prismatic 
breaking to weak coarse blocky; few casts ; 
common medium and fine channels; common fine 
and me dium pores; discontinuous clayskins 
(2.5Y5/2) lining channe l s and pores; also 
along faces of prisms; many fine to coa r se 
prominent grey, strong brown and white mottl es . 
~- 1 . Diffuse zone of concretionary development 
occurs towrads the base of the BC (or B ) 
horizon and in the upper part of the C ~orizon . 
2 . Concretions present in B? may have been · 
inherited from a wider z one-of concretionary 
development which existed in hhe past . 
Iectuii~~l classification: Moderately enleached , weakly to 
1 
mod er~e ly clay illuvial, gammate, fulvi-pallic 
soil with concretions and moderately developed 
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1-5 5 . ~ 
8-11 5. 7 
11- 16 5. 6 
16- 20 5. 9 
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Type : Skipton silt loam 
C. R. C. £ B. S. Exch . Cations . 


















9 . 30 
7 . 82 
10.20 

























3 . 77 
2 . 20 
2 . 19 
3. 36 
























% Ca 1ng K 
34 2.4 1 . 0 0 . 44 
24 1 . 1 0 . 7 0 . 31 
28 1 . 1 0 . 8 0 . 14 
33 1 . 9 1 . 3 0 . 07 
38 2 . 0 1.5 0 . 04 
Soil % % On fine 
Stones Sand Silt 
- 43 34 
- nd nd 
- 42 34 
- 44 34 
- 44 36 
s oq ..0 
<D I-'· s::: 
ct a' PJ 
PJ a' t-j 
P' (/) ct 









c - s 
c - s 
c - s 





0 . 1 
0 . 1 
0 .1 




























Kakahu silt loam (K k h. . 
~- a a u series) 
About 600 yards south east of Meikleburn homestead . 
s.90. Grid reference: 53351220. 
Moderately sloping . Slope: 11° . 
Footslope of a low ridge . 
East . Elevation: 1850 ' asl . 
Drainage - site: hell drained - internal : Moderately well drained . 
Vegetation: Improve_d pasture - white clover, sweet 
1 
vernal , brown top . 
- previous y tall tussock grassland. 
Rainfall: 28 11 • 
Parent material: Loess ove · d 1 r_mixe oess and colluvial greywacke 
0 -2 1 " ~ 
2 1 - 6 11 
6 - 9" 




Very da:k greyish brown (10YR3/2); silt loam; loose to 
very f~ia~le (peds very friable to friable ); strong 
r~ot binding; moderate medium and fine granular and 
fine crumb; abundant fine roots ; few casts· very porous ; 
indistinct boundary to - ' 
Very dark greyish brown (2 . 5Y3/2); heavy si l t loam· 
very friable (peds friable) ; moderate root binding~ 
moderate very fine nutty; medium and fine fitting gran-
ular and some fine crumb; many roots ; many casts f r om 
Bl; few channels; few insect nests; very porous; ir-
regular and distinct boundary to -
Light yellowish brown (2 . 5Y5.5/4) ; heavy s ilt loa~; 
friable (peds friable to firm); strong f i ne and very 
fine nutty and mediu~ and fine fitting granular; common 
roots; many casts of A12 ; few channels; few distinct 
pore s; indistinct boundary to -
Light yellowish brown (2 . 5Y6/4); silty clay loam; fri-
able {peds friable to firm); very weak fine prismatic 
breaking to moderate fine and very fine nutty and fit -
ting fine granular; few roots; few casts as in~lusions 
of Bl; common fine channels ; few pores; few thin clay -
skins lining channels; distinct boundary to -
Pale yellow (2.5Y6 . 5/4); stony clay loam ; friable (peds 
friable to firm) ; moderate medium to very fine nutty 
d e 
fine granular ; few roots ; few casts; common 
an som k" · · d d channels ; few pores ; few thin clays insin voi s aroun 
t t ny gra
vel to large stones , unweathered to 
s ones; s o 
strongly weathered ; distinct boundary to 
Pale yellow (2 . 5Y6/4); gritty clay loam ; compact and 
massive ; rare casts; few channels; common fine pores ; 
few thin clayskins lining channels; common fine distincl 
brownish yellow and yellowish brown mottles from decomposi 
ing stones; few moderately weathered greywacke and quartz 
gravels and stones . 
Technical classification: Moderately to strongly cnleached 
subgammate palli-fulvic soil from weakly argil-
lised greywacke loess and sub -moderately and 


































2rofile No : MC 28 
Depth 
inches 
pH c % 
A1 1-6 5 . 3 3 . 9 
B1 6 - 9 5 . 4 2 . 0 
B2 11- 13 5 . 4 1 . 6 
' 
,B3 16- 19 5 . 5 1o0 
I 
IC 24-27 5 . 7 0 . 5 
Pa Po 
ppm ppm 
IA1 140 517 
IB1 78 390 
B2 66 312 
B3 63 267 














, A,. c c 
B? c c 
c c c 
l 
l\J % 
0 . 20 
0 . 13 
0 . 10 
0 . 07 

















3oil Type · Kakahu silt loam 
C. E. C. £ B . 8 . Exch . Cations . meq !'.}c ('/IT 
meq . fo Cations . % Ca Mg K ' B 
19 12 . 85 4 . 68 36 3 . 0 1.3 0 . 28 0 .1 
16 10 . 31 3 . 40 33 2 . 1 1 . 0 0 . 21 o.o 
16 9 . 47 2 . 62 28 1.6 0 . 8 0 . 19 0 .1 
14 8 . 99 2 .72 30 1 . 6 0 . 8 0 . 19 ().1 
16 10. 42 5o28 51 3 . 5 106 0 . 12 0 .1 
Pf Pt Whole Soil % % On fine earth 
ppm ppm Gravel Stones Sand Silt Cla 
18 675 - - 45 34 21 
48 516 1 - nd nd nd 
10 388 12 10 48 33 19 
57 387 25 11 nd nd nd 
70 287 17 3 53 32 15 
< < s s oq ..0 t-+) 
<D <D 0 CD I-'· s::: CD 
Ii Ii ::s ct- a' Ill I-' s s ct- Ill a' Ii p.. 
I-'· I-'· s ::r (/) ct- (/) 
() () 0 Ill I-'· N 'O 
s::: s::: ::s I-' ct- Ill 
I-' I-' I-' I-' CD t-:j 
I-'· I-'· I-' 0 
ct- ct 0 ~ 
CD CD ::s (/) 
I-'· I-'· 
~ I\) ct ct 
CD CD 
c c - c - c c 
s s - c - s s 
c c - c - s c 
Profile no: MC.81. 
J12 
Soil type: 
Locati on : 
Kakahu hill soil (si· 1t loam} (t.t - nakahu series} 
About 2 mi les north of Fiery Peak on the south side 
of Lucas ' s hi l l . 
Hap sheet : S. 91. 
Grid reference: 56500595 . 
Slope: 24°. Terrain: Moderately steep; 
Landform: Footslope of strongly sloping convex hillside. 
Aspect: East . Elevation : 2500 ' asl . 
Drainage : Moderately well drained - shedding site. 
Vegetation - present: Ce lmisia~ . matagouri, snow, hard and blue 
tussocks (similar to that in Pl ate 5). 
Rainfall : 
- past: Tal l tussock grassland following Podocarp/beech 
forest. 
J 3" • 
Parent material: Loess on mixed loess and colluvium on colluvium . 
0 - 2 " 
2 - 9° 




Greyish brown (2.5Y5/2}, dry 2.5Y6/2; silt loam; very 
friable; weak root binding ; moderate fine granular and 
weak fine crumb; abundant roots; few casts; porous; 
indistinct boundary to -
Dark greyish brown (2.5Y4/2}; si lt loam; very friable 
to friable; moderate to strong medi um and fine granular 
with some moderate medium and fine nutty and weak fine 
crumb; abundant roots; common cast granules; few fine 
channels; few to common fine pores; indi stinct -
Brown (10YR4.5/J.5}, dry 2 . 5Y6 . 5/2; silt loam; friabl e ; 
moderate medium and fine nutty and few cast granules; 
few fine channels ; many roots; few to common fine pores; 
distinct and irregular boundary to -
Light yellowish brown (2.5Y6/4}; si lt loam; friable; 
moderate medium and fine nutty and few cast granules ; 
common roots; few fine channe l s ; common to few fine 
pores; few angular moderately to strongly weathered 
small greywacke stones; indistinct boundary to -
Light yellowish brown (2 . 5Y6/4} , dry 5Y7/J ; gritty silt 
loam; friable; weak to moderate fine and medium nutty 
and fine crumb; common roots; common fine channels; 
few to common fine pores; slightly stony angular moder-
ate ly weathered greywacke gravels and stones; irregular 
a nd distinct boundary to -
Light yellowish brown (2.5Y6/4},.dry 5¥7/2 . 5~ stony 
gritty silt loam; firm to ver~ firm (peds friable}! 
moderate to weak fine and medium blocky and some fine 
crumb; rare roots; common channels; common pores ; stony 
to very stony moderately to strongly weathere~ a~gular 
greywacke gravels and stones ; irregular and distinct -
Dr 25" + Moderately to s~rongly weatherd greywucke break-
into angular blocks . 
Bare areas occur in regions between plants and these have a 
thin litter of decomposing tussock fragments . 
Technica l classification : Ve ry strongly enleached, weakly sub-
gammate palli-fulvic soil from sub-moderately arg -
i llised loess and sub - mode rately to moderately 
argillised greywacke colluvial debri s . 
1: 
~ "''' "'\. 
~ 














.t e ly 
rofile No: MC P1 -
]epth pH c % 
1 .;~ ,..i...."" ~ 
2-6 5. 3 '~ . 0 1 
).3 9-13 5. 3 5. 1 
~ 
14-18 5. 5 1 . 1 





















..._ c c 
~ c c .;...._ .._ 
c ....._ - \J 
....__ 
J lJ 
Soil Type : Kakahu hill soil (silt loam) 
,.., .,.., -.. ~ B. C . ~XC'h . Cations . me q ~,: • T 0, r.;: v . .... . .J . !, D I Cations . '6 -:=:a meq . ,v ~g E a 
0 . 19 21 10. 46 0 . 78 7 o. ?: 0 . 1 Oo31 0 . 1 
0 . 23 22 12 . 47 1 . 62 13 0 . 7 0 . 3 0 . 56 0 . 1 
0 . 06 19 7 . 24 0 . 39 5 0 . '") 0 . 1 0 . 12 Oo1 
0 . 05 13 5. 2f't 0 . 29 5 0 . 1 o.o 0 . 06 0 . 1 
Pf Pt Whole Soil% %On fine earth 
ppm ppm Gravel Stones Sand Silt Cla 
140 678 2 43 37 ?O 
64 690 nd nd nd 
165 687 16 3 53 33 15 
104 681 16 5 51 35 15 
::r' I-'· <: <: s s aq i-0 . ..., 
~ ::s (I) (I) 0 (I) I-'· s:: (I) 
P.ct t-j t-j ::s cT a' Pl I-' a' 1-j p, t-j (I) s s cT Pl s ::r' CJ) cT CJ) 0 1-j I-'· I-'· 
s:: I-' () () 0 Pl I-'· N 'O ,:: l:l I-' cT Pl CJ) Pl s:: (I) 1-j 
~ I-' I-' I-' I-' s (I) f-' · I-'· I-' 0 
I-'· t-j cT cT 0 ~ 
() (I) (I) (I) ::s (fl 
Pl p, I-' · I-'· 
(fl ....:. I\) cT cT 
(1) (I) 
a c c - c p c c 
c c s - c p c c 
c c - - c p c c 
Profile no: MC .44. J14 
Soil type : 
Location : 




Tengawai hil l soi l I silt 1 ) (<1> · 
--~ oam , a- engawai series) 
Abo ut J O yards on the so uth s ide of Tripp p ass . 
Grid reference : 49251400. s .90. 
Moderately steep (hilly). Slope : 17° . 
Upper s l op e of steep ridge on watershed . 
We st . Elevation : 2200 ' asl . 
Drainage : - site : We ll drain e d - shedding site . 
- internal : Moderate ly well drain ed. 
Vegetation - present: Poor hill pasture of swee t vernal and brown 
top wit h scatte r e d ma t ago uri and tall tussock . 
- past : Podocarp forest followed by tall tussock 
Rainfall : JO II • 
Parentmaterial : Thin accumulation of l oess over mix e d l oess and 
coll uv ium on weathered greywack e in place. 
All 0 - J " 
A12 J -1 0" 
AB 10-1411 
82 14- 20 11 
Dr 20 " + 
Ver} dark greyish brown (2. 5YJ/2) ; silt loam; very 
friable (peds very friable to friable) ; moderate root 
binding ; moderate medium a nd fin e granular and some 
fine crumb ; abundant roots; common casts as inclusions 
of A12 ; rare fine chann e l s , few in sect n ests; porous ; 
indistinct boundary to -
Dark greyish brown (2.5Y4/2) ; gritty heavy silt loam; 
friable ; weak r oot binding ; strong medium and fine 
granular and some very fine nutty; many roots; many 
casts as inclu sion s of AB ; rare channels ; few insect 
nests; porous ; few a ngular grave l s and stones of 
moderate l) to strong ly weathered greywacke; irregular 
and distinct boundary to -
Light ye llowi sh brown (2 . 5Y5.5/4); gritty heavy silt 
loam; friab l e ; weak root binding ; st rong medium and 
fine granularand very fine nutty; many roots ; abundant 
casts as inclusions from A12 ; rare channels; common 
p0res ; s lightly stony angu l ar mod e r ate ly to strongly 
weathered greywacke gravels and ston es ; indistinct -
Light yello.vi sh brown (2. 5YR6/4) ; ston y he~vy silt ~oam; 
f irm; (peds friable t o firm) ; moderate me~ium and fine 
nutty; common r oots ; rare casts ; c~mmon fin ~ channe l s ; 
com~on pores ; few very thin clayskins especially ad-
jacent to stones ; stony to very ston y angu l ar moderately 
to st r ong ly weat h e r e d greywacke gravels and stones; 
irregular and di st inct b o undary to -
Moderately to strongly weat h.e rd greywacke. 
hcnnical c l ass ificat ion: Moderately to strong l y enl~ac~ed, weakly 
~ b t allic soi l f r om strongly argi llise d g r ey-
su gamma e P . 11 . e d lo es s wacke and s ub-modera t e l y a rgi i s • 
?rofile No: MC L 4 :.i- S · 1 T Ol ype : Tengawai hill soi l (si l t l oam) 
oH c % N o' C/N c . . . -::: . ~- B. S . Exch . Cations . meq ~ :;epth 0 "~ meq . Cations . Yo 8a r,:g K ·-a inches 
..--: 
-41 
1-6 5. 4 4 . o 0.24 17 12.68 5.23 41 2. 6 1.7 0.90 0. 1 
-
\B 10 - 14 5. 5 2. J 0 . 15 15 9 . 51 2 . 86 JO 1.2 o.8 0 . 75 0.1 
- I 
52 14- 18 5. 5 
1.4 0.10 14 7.40 1. 61 22 o.6 o.4 0 . 58 0 . 1 
-
) 20 -25 5.4 0 . 7 0.06 11 8 . 0J 1.49 19 0 . 7 0.2 0 . 54 0.1 
I 
r.: ?o Pf Pt Whole Soil% % On fine earth Gravel ppm ppm ppm ppm Stones Sand Silt Cla 
\I 143 685 71 899 9 2 48 Jl 
21 
IB 68 508 28 604 1 1 7 nd nd nd 
32 4J 405 40 488 14 10 51 JJ 
16 
88 256 102 446 9 63 48 31 21 
() I-'· ::J' I-'· ~ ~ s s (Jq ..0 H) 
P' I-' ~ ::s CD CD 0 CD I-'· ~ CD 
J-l I-' P,ct 1-j 1-j ::s ct o' PJ I-' 
0 I-'· 1-j CD s s ct PJ o' 1-j p.. 
Ii ct 0 1-j I-'· I-'· s ::J' en ct en 
I-'· CD ~ I-' () () 0 PJ 
I-'· N '"CJ 
ct- en PJ ~ ~ ::s I-' ct PJ 
(\) ~ ~ I-' I-' I-' I-' 
CD 1-j 
s S CD I-'· I-'· I-' 0 
I-'· I-'· 1-j ct ct 0 ~ 
() 0 CD (l) CD ::s en 
PJ PJ p.. I-'· 
f-'• 
.._/ en ~ I\) ct ct CD CD -
ti c c c c .....:...._ c - c - c c 
B c c s c s s .1__ c c - -




Profile no : MC . 72 . 
J 16 
Soil type : 
Location : 
Te~~ai hill soi l ( t ·it ) s any s1 loam , (T engawai series) 
Footslope of ridge dividing the two main branches of 
the Mowbray River . 
Map sheet : S.91 . Grid ref e renc e : 571 506JO . 
Slope : 19° . Terrain: Moderately steep . 
Landform: Footslope of moderately to steeply sloping hil lside. 
Aspect : North . Elevation : 2400 ' asl. 
Drainage - site: Well drained - shedding s ite. 
- internal : Well drained . 
Vegetation :-present : Hard and blue tussock, sweet vernal , brown top 
matagouri and scattered snow tussock . 
-past: Podocarp forest followed by tall tussock . 
Rainfall: 32" • 
Parent material: A thin accumulation of loess over mixed l oess and 
grey wacke co lluvial debris . 
AB 4 - 8 11 
Dark greyish brown (10YR4/2) ; gritty si lt loam; very 
friable; moderate root binding; moderate fine crumb and 
few fine granules; many roots; rare casts ; rar e channe l s; 
porous; few subangular gravels and smal l stones ; in-
distinct boundary to -
Dark greyish brown (10YR4/2 . 5) , dry 2 . 5Y6/2 ; gritty 
sill loam; very friable; weak root binding; moderate 
very fine and fine granular and fine crumb ; 
m~ny roots ; common casts ; rare channels ; some white 
insect nests; few pores ; rare sub angular gravels and 
small stones ; distinct boundary to -
Brown (10YR4/J-5/4), dry 2 . 5Y6 . 5/2; stony gritty silt 
loam; very friable to friable (peds friab l e); moderate 
to strong very fine nutty and fine granular and some 
weak fine crumb; many roots; abundant fine cast gran -
ules; few channels; few pores; stony subangular mod-
erately weathered gravels and small stones ; indistinct 
boundary to -
Yellowish brown (10YR5/4), dry 2.5Y6.5/2; stony gritty 
heavy s il t loam; very friable to friable (peds friab l e ); 
moderate very fine nutty and fine granular; mnay roots; 
common fine cast granules; few channels and pores; 
stony subangular moderately weathered gravels and 
small stones ; distinct boundary to -
Light yellowish brown ( 1Y6/4), dry 5Y7/3) ; sto1:1y gritty 
heavy si lt loam; friable; weak to moderate medium to 
coarse nutty breakf~g to very fine nutty and fitting 
granular; few roots; rare casts; few channels ; few 
pores ; stony subangular and angular weakl~ t~ m~der­
ately weatherdd gravels to large stones; 1nd1st1nct 
Be 18- 24" + Light yellowish brown (2 . 5YR6/4), dry 2 . 5Y8/4 ; 
very stony gritty heavy s ilt loam; weakly 
compacted (peds firm); moderat e fine nutty 
and fitting fine granular; few roots; few 
channels; few pores; very stony s ubangular 
and angular moderately to weakly weathered 
gravels to small boulders . 
Moderate to weak reaction to allophane field test in the 
BC horizon . Weak , slow r eaction in the B2 • 
Technical classification: Strongly enleached, weakly sub-
gammate pallic to lithi-pallic soil from 
sub-moderately argillised greywacke colluvium 
and sub-moderately argilli sed loess. 
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6 - 10 5. 5 2 . 3 
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Soil Type: Tengawai hi l l soil (stony s ilt l oam) 
N % C/N C. E. C. 
?_ B. S . Exch . Cations . meq ~ 
meq . % Cat ions . % Ca Mg K Na 
0 . 23 20 13.39 4 . 78 36 2 . 8 1.2 o . 68 0 . 1 
0. 17 17 9.83 3.0J 31 1.7 o . 8 0.52 0.1 
0 • 1 1 13 8 . 19 1. 41 17 0.7 0.3 0.37 0 . 1 
0. 14 16 9.01 2.07 23 1 • 1 o.6 0 . 28 0 . 1 
Pf Pt Whol e Soil% % On fine earth 
ppm ppm Gravel Stones Sand Silt Cla 
87 759 20 44 31 25 
131 693 27 25 nd nd nd 
112 625 18 24 45 33 22 
144 687 22 26 44 31 25 
-
~I-'· <: <: s s aq ,.0 H;i 
~ ::s (]) (]) 0 (]) f-' · ~ (]) 
p, ct 1-j 1-j ::s ct o' p.i I-' 
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0 1-j f-'· I-'· s ~ (/) ct (/) 
~ I-' () () 0 p.i f-'• N '"CJ 
(/) p.i ~ s:: ::s I-' ct p.i 
~ I-' I-' I-' I-' 
(]) 1-j 
s (l) f-'· f-'· 1--' 0 
f-'• 1-j ct ct 0 ~ 
() (l) (]) (]) ::s (/) 
p.i p, ...... I-'· 
(/) ___:, [\) ct ct 
(]) (]) 
c c c - c p c s 
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Profi l e no: MC . 85. 
Soil type : Tengawai hill soil ( stoi:!..Y.: silt loam) , (Tengawai ser ies) 
Location : We st side of ridge running ea st from Tri pp Pass . 
Hap sheet : S . 90 . Grid reference : 50401380 . 
Slope: 14° . Terrain : Moderately steep . 
Landf orm : Convex upper slope near crest of ridge. 
Aspect: WNW. El evation : 2380 ' asl . 
Drainage - site: Well drai ned shedding site . 
- interna l: Mod erately wel l drained . 
Vegetation - present : Hard t u ssock , brown top , mouse ear and scat-
tered tall tussock. 
- past: Podocarp forest fo l lowed by tal l t u ssock. 
Rainfall: JO II. 
Parent material : Mixed colluvium and loess with thi n cover of l oess . 
A11 0 - 3" 
AB 6 - 911 
821 9 - 13" 
Very dark greyish brown (10YR2 . 5/2) ; silt loam; friable 
to very friab l e; strong root binding; moderate to strong 
fine granular and some fine crumb ; abundant fine roots ; 
few cast granules; few fine channels ; some white i n-
sect nestsvery porous ; few subangular moderate l y weath-
ered greywacke stones; indistinct boundary to -
Very dark greyishbrown (2.5YJ/2) ; sl i ght l y g r itty silt 
loam ; friable ; moderate root binding ; strong medium 
and fine g r a nular and fine crumb ; abundant r oots ; common 
casts; few fine chann els ; common insect nests ; v ery 
porous; few subangular moderately weathered greywacke 
stones ; indistinct boundary to -
Dark greyish brown (2 . 5Y4/2 ); stony si l t l oam; friable; 
strong mediu~ and fine granular and very f i ne nutty ; 
common roots ; common casts ; few fine chann e l s ; porou s ; 
s l ightly stony moderately weathered angular and subang -
ular greywacke gravels and stones ; distinct and irreg-
ular boundary to -
Yellowish brown (1Y5/4); stony si l t loam ; f r iable ; 
moderate medium and fine nutty breaking to moderate to 
strong very fine nutty and fine granular ; common roots; 
common cast granules ; common fine channe l s ; porous; 
s l ight l y stony moderately weathered angul ar and sub -
angular greywacke gravels and stones; merging to -
Light yel l owish brown ( 2Y5 . 5/4) ; stony s l ightly heavy 
silt loam; f r iable ; moderate medium and f i ne n utty 
breaking to ve r y fine nutty and fine g r anul a r; f ew 
roots ; rare casts ; rare fine channe l s ; po r o u s ; stony 
moderately weather ed angular greywacke grav e l s a n d ston es; 
distinct bo undary to -
16- 25" + Light ye llowish brown (2 . 5Y6/4) ; s l ig ht l y ston y heavy 
silt loam (wi th grits) ; friable; mode r ate fine n utty 
and some fine granular; few roots; porous; slightly 
stony moderately weathered angular gravels to large stones 
of greyw·acke . 
S light stratification of stones in the 822 may indicate 
solifluction o~ may be due to deposition of colluvial 
material on an old surface . 
Technical classification : Strongly enleached , non-gammate 
pallic to l ithi - pal l ic soi l from moderately 
a r g illi sed greywacke colluvium and sub -mod-
era t ely argillised greywacke lo ess . 
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r ofile "!o : MC 85 -
I Depth pH c % 
1 
inches 
1-5 5. 1 6 . o 
I I 
-1 
,3 6-9 5. 0 3 . 3 
-
'2 
12-1 5 5. 1 1.8 
·1 
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·2 111 653 
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Soil Type ·Tengawai hill soi l ( ston y "lt 1 S l. 
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) oam 
N % C/E C. E. C. ~- B. S . Exch . Cations . meq 9'i meq . % Cations . % Ca Mg K .a 
0.38 16 17. 13 6 . 52 38 3 . 7 1.5 1.25 0. 1 
0 . 22 15 13.32 2. 30 17 1. 1 o.6 o . 48 0 • 1 
0 . 14 13 10.78 1. 34 12 o . 6 0 . 3 0 . 38 0 . 1 
0 . 10 13 9. 04 1.04 12 0. 7 0 . 2 0.07 0 . 1 
Pf Pt "Nhole Soil% %On fine eartl-i 
ppm ppm Gravel Stones Sand Silt Cla 
156 1316 6 6 43 35 23 
47 950 17 13 nd nd nd 
180 944 12 12 37 38 25 
339 938 15 33 40 35 25 
<: <: s s oq ..0 1--1) ;::l"' I-'· 0 CD I-'· s:: CD ~~ CD CD CJ' P> I-' 1-j 1-j ::::s ct p., ct CJ' 1-j p., s s ct P> 1-j CD s ;::l"' {J) ct {J) 0 1-j I-'· I-'· N 'D 0 0 P> I-'· s:: I-' 0 ct P> s:: ::::s I-' (J) P> s:: 
I-' I-' CD 
1-j 
'<: I-' I-' I-' 0 8 CD I-'· I-'· ~ ct 0 I-'· 1-j ct ::::s [/) 0 CD CD CD I-'· I-'· P> p., 
I\.) ct ct {J) .....:. CD CD 
c - c p c c c c 
c p s s s -c c 
c p s s -c c c 
Profile no : MC.64 . 
J20 
Soil type : 
Soi l set : 
Location : 




Lookout steepland soil ( stonv _ ,,,__ s ilt l oam) 
Puketeraki . 
Abo u t 1 mil e n orth of F · p iery eak on eastern boundary . 
Grid reference : 56900425 . 
Moderate l y steep to steep . Slope: 25° . 
Steeply s loping stabl e o ld high fan on ridge side . 
West. Elevation: 2800' asl. 
Drainage :-site : Well drajned-shedding site . 
-int ernal : We ll drained. 
Vegetation - present : Sno.v tussock,Celmisia SE..J.. matagouri, grasses 
and rare flax . 
- past : Tall tussock grassland after Pod ocarp forest . 
Rainfall : 3 5" • 
Parent material : Mixed loess and greywacke slope debris. 
~ - 0 " 
All 0 - 2 " 
B1 8 -11" 
BC 11 -1 8 " 
uB 18-2411 
Few scattered large ston es on the surface . 
Very thin discontinuous litter of dry snow-gra s~ 
and grass fragments. 
Brown (10YR4/J-slightly dry); gritty silt loam; l oo se 
to very friable;(peds very friabl e ); modera t e root 
binding; weak to moderate fine crumb and some fin e 
granular ; abundant roots; f ew casts ; porous ; f ew sub-
angular grave l s ; indistinct bo und ary to -
Gr eyish brown (10YR5/ 2-sl ightly dry); very stony grit -
ty silt loam; friable (peds friable and firm); moder-
ate medium and fine granular and weak fine crumb; 
abundant roots; com~on casts ; porous; very stony s ub-
angular a nd angu lar weakly to moderately weathered 
greywacke gravels and stones; indistinct boundary -
Light ye llowish brown (2.5Y5. 5/4), dry J.5Y7/3 ; very 
ston y si l t loam; friabl e (peds rang e very friabl e to 
firm) ; mod erate fine g r anular a nd weak to moderat e 
medium a nd fine nutty; common roots; common casts as 
inclu sions from Al; few pores; very stony subangular 
and angula r weakly to mod erat ely weathered greywacke 
gravel and stones ; indi stinc t boundary to -
Light yellowi sh brown(2 . 5Y6/4), dr~ 5Y7/3 ; ~tony silt 
loam · friab l e · weak to moderatemedium and fin e nutty; 
comm~n roots · 'rare casts ; few channel s ; common fine 
pores; stony ' grave l to large angular stones ; di s -
tinct bo undary to -
Light ye ll owish brown (2.5Y6/4), dry 5Y7/3 ; gritty 
silt loam; fri abl e ; weak to moderate nutt y ; few roots ; 
common fine c hann e ls; common fin e pores; few s ubang-
ular grave l s ; di stinct boundary to -
uBC 24-32" + Light yellowish brown{2.5Y6/4), dry 5Y6.5/J; stony 
heavy silt loam; friable to firm; (peds range 
friable to very firm); weak nutty and weak to 
moderate medium and fine crumb; rare roots; 
few channels; commonrPores; stony subangular 
gravel and angular lage greywacke stones. 
Iechnical c l assificat i on : Very strongly enleached lithi-
eldefulvic soil from sub-moderately argil-
lised greywacke colluvium and loess over 
a truncated very strongly enleached elde -
fulvic soil from sub - moderately argillised 
l oess and colluvium. 
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a, 6- 10 5 . 1 
3C 1)-1 7 5. J 
JB 19- 2'.3 5 . 2 





















.B c -lBc c --
c 64 
c % 
5 . 0 




























0 . 24 
0 . 20 
0 . 10 




















Soil Type : Lnokout st e enl and soil l stonv silt 1 ' m 
C/N c.:s .c . 
f_ B. S. Exch . Cat ions . me q Jr 
% Cat ions . ~L me q . ,o Ca Mg K a 
21 12 . Jl 1.32 11 o. 6 O. J O. J8 0. 1 
19 11 . 79 o . 84 7 o. J 0. 2 0.28 0.1 
17 7. 56 0 . 21 J 0.1 o.o 0 . 05 0. 1 
17 7 . 03 0 . 17 2 o . o o . o 0 . 04 0 .1 
nd 6 . 66 0 . 21 3 0 . 1 o . o 0 . 07 0 .1 
Whole Soil On fine earth Pf 
ppm 
Pt 
ppm Gravel Stones Sand Silt Clay 
126 919 24 13 47 34 20 
62 81 6 28 17 nd n d n d 
718 8 7 45 43 12 
117 737 4 - 45 39 16 
--
89 28 6 53 32 16 
--
< < !3 !3 oq ..0 H, 
CD CD 0 CD I-'· ~ CD 
f-j f-j ::::s ct o' p.i I-' 
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c c - c p s c 
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Profile no: MC . 69 . 
Soi l type : 
Location : 




Puketeraki steepland so !.!_Lstony silt l oam ). 
(Puketeraki se r ies) 
About 1 mile north of Fiery Top on eastern watershed. 
s . 91 . 
Steeply sloping . 
Gr id reference : 57350435. 
Slope : J3° . 
Upper slope on side of steep ridge . 
SSW . Elevation: 3500 ' asl . 
Drainage - site : Very well drained - sheddi ng site . 
- lnternal: Mod erate ly well drained. 
Vegetation - present : Snowtussock, blue tussock an d Celmisia sp. 
- past : Tall tussoc~ grassalnd . 
Rainfall : 35 - 40 11 • 
Parent material : Coarse greywacke colluvial debris with some wind-
blown fines. 
Thin discontinuous surface li tter of dry snow tussock fragments. 
A11 0 -2 ~ " Dark greyish brown (2 . 5Y4/2) , dry 2 . 5Y6/2 ; stony gritty 
silt loam; loose and f luffy ; weak to moderat e fine gran-
ular and fine crumb ; ab~ndant roots ; common fin e casts; 
porous ; stony subangular and angul ar moderately weathered 
greywacke gravels and small stones ; indistinct boundary -
AB 6 -10" 
Dark greyish brown ( 2 . 5¥4/2) , dry 2.5Y5/2; stony gritty 
silt l oam; l oose to very friable (peds very friable); 
moderate to weak medium and fine crumb and fine granular; 
abundant roots; commo.n fine casts ; porous; stony s ub-
angular and angular moderately weathered greywacke gravel 
and small stones ; indistinct bound~ry t o -
Olive brown (2 . 5Y4/J) , dry 2 . 5Y5/2 ; gritty ·silt loam ; 
very friab l e ; moderate fine nutty and medi um and fine 
crumb ; common r oots ; few casts ; few channels; porous; 
few subangular and angular moderately to st r ongly wea-
thered gravels and stone ; indistinct boundary to -
Light olive brown ( 2 . 5¥5/4) , dry 2 . 5Y6/3 ; gritty heavy 
silt loam; friable ; moderate fine nutty and fine and 
medium crumb; common roots; few casts ; few channels; 
common fine pores; few subangular and angular moderate l y 
to strong l y weathered greywacke stones ; distinct -
BC 14-22" + Light ol ive brown {2.5Y5/4); extreme l y stony gritty 
heavy s ilt l oam ; fri able to firm; weak to moderate 
fine nutty and medium and fine c rumb; f ew roots; 
few channels; common fi n e p~res; extreme ly stony 
moderate ly weathered stones and boulders . 
~chnical classi fication: Very st r ongly en l eache d lithi-eldefulvic 
.$Oi l from moderately argi ll ised greywacke slop e debris and 
inte rmixed sub-moderately a r gillised lo ess . 

















6-1 0 5. 3 
11-1 3 5 .2 











































Soil Type·p kt u e eraki steepland soil (stv silt l 'm 
C. E. C. ~ - B. S . Exch . Cations . meq 9'I N % C/N 
































































































11 o.6 0.3 o.49 0. 1 
5 0.3 0. 1 0.23 0.1 
J 0. 1 0. 1 0. 11 0.1 
5 0.3 0.1 0.08 0. 1 
Soil% %On fine earth 
Stones Sand Sil t : Clay 
- 59 27 18 
3 nd nd nd 
18 51 32 17 
44 47 28 25 
--
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Profile no : MC.84 . 
Soil type: Puketeraki hill soil (silt loam) , Puketeraki series . 
Location : On watershed about 400 yBrds west of Lookou t peak . 
)lap sheet : S . 91. Gri d reference: 57300250. 
Slope: 19° . Terrain: Moderately steep. 
Landform: Foot of convex shoulder · on main ridge . 
Aspect: We st. El evation: 4800 ' asl . 
Drainage - site: Well drained - shedding site . 
- internal : Moderate l y well drained . 
Vegetation - present: Tall and blue tussock, rare Celmisia ~· much. 
bare gromnd . 
Rainfall : 
- past : 
40 11 • 
Tall tussock grasslmd. 
Parent material : Gr e ywacke colluvium with an addition of soille wind-
blown fines. 
AB 0 -2~" Brown (1Y4/J), dry 2 . 5Y6/2; l oam; very friable; weak 
root binding ; moderate fine crumb and weak fine granular; 
many roots; few very fine cast granules ; very porous ; 
scattered stones on the surface; indistinct boundary -
Dark olive brown (2 . 5Y4/4), dry 2 . 5Y6/2; silt l oam; very 
friable ; weak nutty breaking to moderate medium and fine 
crumb; many roots; very porous; few angular greywacke 
stones, especially towrds base of horizon ; dist i nct and 
irregular boundary to -
Olive brown to dark olive brown (2 . 5Y4 . 5/4 ); stony silt 
loam; distinct stoneline of weakly weathered angular 
greywacke stones in loose matrix; some stones pene -
trating into the horizon below; distinct and irregular 
b oundary to -
u(B) 9 - 1411 Olive brown (2 . 5Y5/4) , dry 5Y7/J ; slightly stony sandy 
ioam; friable ; weak to moderate fine nutty tending to 
blocky and some fine crumb ; rare roots; few to common 
fine pores; slightly stony angular weakly weathered 
grcywacke stones; irregular boundary to -
uBC 14" + Light yellowish. browm (2 . 5Y5 . 5/4), dry 5~7/J ; very sto1:1y 
loam· firm tending to be compact; weak fine nutty tending 
to biocky and some weak to moderate fine crumb ; few to 
common fine pores; very stony weakly weathered angular 
greywacke stones and sma l l bou l ders. 
(B) and uBC give strong positive reaction to the allophane field test . 
~CQnical classification : Very strongl y en l eached lithi-e ~defulvic 
-- soil from-weakly argillised greywacke co l luvium and sub-
moderately argillised loess . 
rofile ~~o : MC 84 -
Depth pH 
inches -
Ul 0- 2 5 . 2 
-
3 J-7 5. 1 
-
JB 9- 12 5.3 


















































Soil Type · Puketerak· h"ll 1 1 soil si l t loam 
N % 
0.21 
0 . 27 
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~- B. S . Exch . Cations . meq ?1c 
Cations . % Ca Mg K 1\J a 
0 . 56 5 O. J 0 . 1 0 . 20 0. 1 
0. 50 4 0 . 2 0 . 1 0 . 14 0 . 1 
O. Jl J 0 . 2 o . o o . o4 0 . 1 
0 . 37 7 0 . 2 o . o 0 . 05 0 . 1 
Whole Soil 'fo 'foOn fine earth 
Gravel Stones Sand Silt Clay 
8 - 55 27 18 
37 JO 48 29 22 
21 22 71 24 10 
14 14 75 18 7 
s s aq ..0 ....., 
0 ([) I-'· ~ (0 
::i ct cr' Ill I-' 
ct ~ cr' 
1-j p, 
s {I) ct Ul 
0 Ill I-'· N 'd 
::i I-' ct Ill 
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profile no : MC . 77 . 
326 
Soil type : Tekoa steepland so "U:_ {stony si l t loam) Tekoa ------' series. 
Location: 
}lap sheet : 
About lt miles upstrea~ from 
s . 91. 
Steep . 
gorge on eastern bounda ry. 
Grid r eferen ce : 56900460. 
Slope : 31° . Terrain : 
Landform : Lower mid-slope on steeply 1 · s oping side of high ridge . 
Aspect : NW . Elevation: 2790 ' asl . 
Drainage - site: Very well drained - sheddin g site . 
- interna l: Ver y well drained . 
Vegetation - present : Sweet vernal Pime lia sp . hard and snow tussock , 
matagouri and mo u se ear. 
- past : Podocarp forest followed by tall tussock . 
Rainfall : 3411 • 
Parent mat e rial : Greywacke co lluvial debris over weathering greywacke 
and argilli te. 
AB 
BC 
0 - 2 ~ " Very dark greyish brown (lOYRJ/2.5); gravelly loam t o 
s ilt loam; very friable; weak to moderate fine and medium 
granular; and fine crumb; abundant roots; few casts; 
v e ry porous ; stony moderately weathered angular grey -
~acke gravels ; indistinct boundary to -
2 ~ -6~ 11 Ve ry dark brown (lOYRJ/2 . 5) , dry 2 . 5Y5/2 ; stony s lightly 
gritty si l t loam; very friable to friab l e ; weak to mod-
e rate medium and fine crumb ; and some medi~~ and fin e 
granular ; many roots; comm on cast granules ; porous; 
stony moderately weathered angular grave ls and smal l 
greywacke ston es ; indistinct boundary to -
6~ -10" Ve ry dark brown (lOYRJ/3), dry 2. 5Y5/2 ; stony slightly 
gritty si lt loam ; friable to very friable ; weak to mod-
erate medium and fin e c rumb and granul a r; many roots; 
few casts ; ve r y porous; stony to very stony mod erately 
weathered g r ave l and small greywacke ston es ; indistinct 
and irregular boundary to -
10-16" + Brown ( 10YR4/3), dry 2. 5Y5/2 ; extremely stony silt l oam; 
very firm to firm; weak to moderate fin e c rumb; many 
roots ; rare casts ; porous; extremely stony moderate l y 
weathered greywacke and argillite grave l and stones; 
giving way to moderately weathered greywacke a nd argill -
ite be l ow 16-1 8". 
Technical classification : Moderately enleached intergrade c lini - lithi 
-eldefulvic to fulvi-clini-lithic soi l from sub -mod erate -
ly argillised greywacke coll~vi~m over sub-~oderat e ly 
argillised greywacke and arg1ll 1te . 
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Type:Tekoa steepl and soi l (sty si l t l oam) 
C. E. C. 
















17 . 50 




















~- B. S . Exch . Cations . meq ~ 
Cations . % Ca Mg K Na 
5. 39 35 J . 6 1.2 o . 42 0 . 1 
8 . 17 48 6. 1 1. J 0 . 70 0.1 
9. 37 53 7.2 1. 4 0 . 69 0 .1 
Whole Soil % ci),On fine earth 
Grave l Stones Sand Silt Cla;y 
17 - 53 JO 19 
41 21 nd nd nd 
45 45 56 29 15 
s s oq .0 H) 
0 (D I-'· s:: (D 
::s cT cf P> I-' 
cf 1-j p.. ct P> s P' (/) ct (/) 'rj 0 P> I-'· N 
::s I-' ct PJ 
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Profile no: MC.44. J28 
Soil type: Kaik~ hill soil_j_stony silt loam), Kaikoura series. 
~cation: On Mowbray watershed JO yards NW of Trig. B. 
Map sheet: S • 90 • Grid reference: 54 500 550. 
Terrain: Moderately sloping ridge top. Slope: 10 0. 
Landform: Edge of narrow ridge top in steep country. 
Aspect : North. Elevation: 4J50' a sl. 
Drainage - site: Very well drained - shedding site. 
- internal : Very well drained. 
Vegetation :- present: Tall tussock and rare Celmisia 
- past: Tall tussock grassland. 
sp. 
Rainfall : 40 11 • 
hrent material: Weathering greywacke in pla~e. 
A
11 
0 - 2" 
AB 6~-12" 
BC 12-1611 
Very dark brown (lOYRJ/J), dry 10YR4.5/1; stony silt 
loam; very friable; fluffy and powdery when dry; very 
weak fine crumb; abundant fine roots; very porous; stony 
moderately weathered angular small stones to boulders; 
indistinct boundary to -
Very dark greyish brown (lOYRJ/2), dry 2.5Y5/2; stony 
silt loam; very friable (peds friable to very friable); 
moderate fine to coarse granular and fine crumb; many 
roots; rare casts; rare channels; porous; stony mod-
erately weathered angular small stones to boulders; in -
distinct boundary to -
Very dark brown (lOYRJ/J), dry 2.5Y5/2; stony silt loam; 
veyy friable; weak to moderate medium and fine granular 
and fine crumb; many roots; common casts as inclusions 
from A12; rare channels; porous; stony moderately weath-
ered angular small stones to boulders; distinct boundary-
Yellowish brown (1Y5/4), dry 5Y7/J; very stony silt loam; 
very friable; weak very fine nutty and fine crumb and 
moderate to weak fine granular; common roots; few casts; 
few channe ls; co~on fine pores; very stony moderately 
weathered angular small stones to boulders becoming 
continuous below 16" . 
A~ormally high base status of the A horizon may be due to derivation 
from the large number of sheep droppings on the surface in th.is region. 
Tuchnical classification : Strongly enleached lithi-eldefulvic soil 
from moderately argillised greywacke. 
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Soil Type ·K ·k ai oura hil l soil <stonv silt l n~m) 
C. E. C. ~- B. S . Exch . Cations . meq % C/l'~ 
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25.94 77 15.5 
4.93 26 1.5 
2 . 76 17 0.7 
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6.5 3.81 0. 1 
1.6 l.74 0. 1 
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0 . 1 o.43 0 . 1 
% On fine earth 
Sand Silt Clay 
' 
nd nd nd 
48 33 19 
50 33 16 














Profile n o : MC . BJ . 
Soil type : 
Location : 




Kailoura hill soi l (st ony silt l oam) , Kaik oura seri es . 
About ~ mil e north of Lookout Peak on th e eastern watershed 
s . 91. Grid r eferenc e : 57600315 . 
Moderate ly steep . Slope: 13° . 
Hilly ridge crest with steeply sloping eroded sid es . 
North . Elevat i on : 4300 '. as l . 
Drainage - site : Very well drained 
- internal : We ll drained . 
shedding site . 
Vegetation - present : Celmisia -2.£• blue t uss ock a nd r egen erat ing 
snow tussock following burning. 
- past : Tal l tussock grassland. 
Rainfall : J81l. 
Parent material : Greywacke co lluvial debris over greywacke . 
Dark greyish brown (lOYR4/2 . 5) , dry 2 . 5Y5/2; slight l y 
gritty silt loam; very friable to l oose ; mode r ate med-
ium and fin e granular and weak to mode rate crumb; abun-
dant roots ; few casts ; few pores ; a wash of very weakly 
weathered greywacke gravels on the su rfac e ; indi stinct 
boundary to -
Very dark greyish brown (2 . 5Y3/2) ; slight l y gritty silt 
l oam; friable; moderate medi um and fine fitting granul ar 
and very fine nutty with weak to mod erate fine crumb ; 
abundant roots; comm on casts ; porous ; few angular 
weakly to moderately weathered greywack e grav e l s ; 
distinct boundary to -
AB 4~ - 7" Dark brown (lOYRJ/J) , dry 2 . 5Y5/2) ; very stony si l t l oam; 
friable to firm; weak to moderate fine nut~y with fit -
ting fine and medium granular and some weak fine c rumb; 
abundant roots ; common finecas ts; porous; stony angular 
moderate ly to strongly weathered greywacke grav e ls and 
stones ; d istinct boundary to -
BC 7 - 9" Yellowish brown ( 10YR5/ 5) , dry 2 . 5¥7 /4 ; e xt r eme l y stony 
sandy l oam; firm to very firm; slightly compact ; weak 
fine crumb ; few roots ; few casts ; porous ; extremely stony 
angular stones a nd boulders of moderate l y to strongl y 
weathered greywacke ; becoming compl ete l y stony b e low 10". 
AB has weak reaction and BC has very strong rapid reaction to al l o -
phane field test . 
Technical classification: Very strongly enleached intergrade lithi -
e ldcfulvic to fulvi -li thic soi l fr om sub-moderat~ly. 
argil lised greywacke colluvium on modera tely arg1l l1 sed 
greywacke . 
?rofile No : MC 8 3 
I 
~i;pth oH c % 
inches 
Al 1- J 
5.0 8.6 
-
.ill 4-7 4 . 9 7.5 
~ 
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"' · 1 T oOl ype :Kaikoura hill soil {stony silt l oam) 
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?_ B. S . 1xch . Cations . meo ~ 
Ca+-ions . % Ca ~.~g t: I a 
2 . 43 12 1.3 0 . 7 o . 44 0 . 1 
0.86 5 0.2 0.2 0 . 32 0 . 1 
0 . 38 2 0.1 0 . 1 0. 12 0 . 1 
Whole Soil% %On fine earth 
Gravel Stones Sand Silt Cla;y 
6 - 47 29 24 
16 53 nd nd nd 
25 55 54 26 20 
·-
s s aq ...0 f-1) 
(1) I-'· i::: (1) 0 ::s ct o' ~ i-' 
ct ~ o' Ii p. 
13 ::r' (/) ct (/) 
0 ~ I-'· N 'O ::s )-J ct Pl 
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c p s s -
Profile no: MC.70. JJ2 
Soil type: Kaikoura steeeland soil ~ny silt loam) 






About 1 ~ miles north of F. iery Top on eastern watershed. 
s . 91. 
Steeply sloping . 
Upper mid-sl pe 
of high ridge. 
NNW . 
Grid reference: 57300450. 
Slope: 26°. 
on strongly to steeply sloping side 
Elevation: JJ50 ' asl. 
Drainage:- site: Very well drained - shedding site . 
- internal: Very well drained. 
Vegetation - present: Snow, hard and blue tussocks, sweet vernal, and 
scattered Celmisia~ and Carmichaeli a sp . 
- past: Tall tussock grassland. 
Rainfall: J 5 - 40" • 
Parent ma terial: Greywacke colluvium . 
0 -J ~" 
J ~ - 7" 
AB 7 -lJ" 
BC lJ-1811 
c 18-2411 + 
Very dark greyish brown (lOYRJ/2), dry 10YR4/J; stony 
gritty silt loam ; loose to very friable; very flmffy 
when dry ; weak fine granular and fine crumb; abundant 
roots; rare fine casts; porous ; stony angular moderately 
weathered greywacke gravel and small stones; indistinct 
boundary to -
Olive brown (1Y4/J- slightly dry); stony gritty loam; 
loose to very friable (peds very friable); fluffy when 
dry; weak fine crumb and fine granular ; many root s ; 
few fine casts; porous; stony angular moderately we ath-
ered gravel and small stones ; indistinct -
Olive brown (2.5Y4/J); dry 2.5Y4 . 5/2; stony gritty loam; 
friable (peds friable to firm); weak to moderate fine 
nutty and moderate to strong fine granular; many roots; 
common casts as inclusions of A12; few fine channels; 
com'llon pores; stony angular moderately weathered grey-
wacke gravel and stones; indistinct boundary to,-
Olive brown (2o5Y4/4), dry 10YR5/4; extremely stony 
gritty loam; friable; moderate fine nutty and weak fine 
crumb; common fine roots; few fine channels; few casts 
as inclusions from AB ; co~non pores; extreme l y stony 
angular moderately weathered grave l to large stones; 
merging to -
Light ol ive brown (2o5Y5/6), extremely stony gritty 
silt loam; firm - moderately compact; (peds very friable) 
very weak fine crumb ; few roots; ext rem ely stony angul ar 
moderately weathered greywacke stones and boulders . 
!echnical classif i cation : Strongly enleached clini- lithi-eldefulvic 
---soil from weakly and moderately argi llised greywacke 
colluvium. 
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Soil Type Kaikoura steepland soi l ( t s y SJ. 
~: % C/L 
0 . 50 16 
0. 40 
O. J O 








































C. E . J . 
























£ B . 8 . Exch . Cations . 
Cations . % Ca i.~g ~r .L 
4.91 27 3.5 o.8 0 .47 
3.01 19 2 . 1 0.5 0.38 
0 . 93 8 o . 6 0. 1 0.12 
3 . 11 18 2.0 o.6 0 .25 
Whole Soil % %on fine 
Gravel Stones Sand Silt 
36 19 56 28 
34 16 nd nd 
28 13 56 29 
15 77 51 29 
13 s aq ,.0 
0 (1) I-'· ~ 
~ ct o' ~ 
o' rj ct ~ 
!3 lJ' en ct 
N 0 '1> I-'· 
p I-' ct 
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Kirkliston silt loam (Kirkliston series) 
About i mile north of Trig.B on the western waters~ed . 
s . 90. Grid reference: 53150680. 
Undulating to rolling. Slope : Jo(varying to l2o) 
Remnant of old, now deeply dissected, peneplain . 
NW . El evation: 3280' aslo 
site : Well drained but may tend to accumulate run-oDf. 
- internal: Moderately well driined . 
Vegetation : - present: Snow, hard and blue tussocks, Carmichaelia sp 0 
and mouse ear. 
Rainfall : 
- past: Probably open Podocarp forest followed by tall 
tussock grassland . 
J 5". 
Parent material : ~eathering greywacke in place with accumulation of 
windblown and washed fines. 
AB 4 - 7 11 
B2 10-13" 
Dark greyish brown (lOYRJ.5/2); silt loam; very friab l e 
to l oose (peds friable); moderat e root binding; weak to 
moderate fine granular; and very fine nutty; some weak 
fine crumb; abundant fine roots; common small casts ; 
porous; merging and indistinct boundary to -
Dark brown (10YR4/J); silt loam; very friable to friable 
(peds firm) ; strong fin~ and medium granular and very fine 
nutty; abundant roots; many inclusions of All and AB; 
common channels; few fine pores; indistinct -
Brown( lOYR4/J); heavy silt loam; very friable to friable ; 
(peds firm); moderate medium and fine nutty breaking to 
fitting fine and medium granular; many roots; many casts 
as inclusions of Al2; common channels; few fine pores; 
distinct boundary to -
Yellowish brown(lOYR5/5); heavy silt loam; very friable 
to friable (peds friable to firm); mod erate medi um and 
fine nutty breaking to moderate to strong medium and fine 
fitting granular ; many roots; many casts as inclusions 
of AB; common channel s ; few to common fine pores; few 
subangular strongly weathered greywacke gravels; 
distinct boundary to -
Brownish yellow (lOYR6.5/5); heavy si l t loam; friable 
{peds friable to firm); moderate fin e nutty and some 
fine granular; common roots; few cast inclusions of Bl; 
few channe l s ; few to common pores; few very thin discontin-
uo• s c l ayskins on a few ped faces; rare fine yellow mot-
tles from decomposing stones; rare fin e s ubangular 
st r ongly weathered greywacke gravels ; merging to -
C lJ-20"+ Ye ll ow ( 10YR7/8); heavy silt loam; friable to 
firm; weak to moderate medium and fine nutty ; 
few r oots ; few channels; discontinuous clay-
s kin s on peds and in some channels ; com~on to 
few pores; r a re fine s ubangular st r ong l y weath-
ered greywacke grave l. 
Technical classification : Very strongly en~eached, weakly 
c l ay illuvial eldefulvi c soil from st r ong l y 
argi ll ised greywacke and moderately argillised 
greywacke l oess . 
APPE-DIX 2 - - - - - -·--
J J6 
R~~~Q~ _Q:F'. -~L'.I). :-.'~~~'~_,Uf.J:~!SE§ :t._Q - 6
11 
Ofi' 3EJ.,~,; 1.1 -!:I > SOIL 'I'Yi?ES - . . .... - - - ... - - .... - - -- - - --- - -- - - - -
Soil pH Ca I K ----- - ... - .. - . -- - - - -- ... - - - ------ -
~as a!l s i l . l > • n 
Ta.3 1a'1. fn. 1y loam 6 . 0 
Ash""Nick silt loam 
Ashwick saady silt loam 5.8 
.ow1:r::ay si 1 t loa 5. 5 
. owb:-a,y s i l loam 5. o 
o\llbra. sto::iy silt loa a 5. ) 
eiKlebu~n silt loam 5. 5 
MeiclPburn silt loam 5. 5 
.eiklebu~n ~ilt loam 
.ei!<:lebur · · l '-; loa 5.6 
'Nakanui s i lt loom 5. 9 
7ia.a ui silt loa· 5 . .) 
·.aka. ui sa .Y silt loam 5. 9 
Ta~ t:tpi.J. , · 1 lo 
Snerwood silt loa:n 
S e:-.. m l silt loam 
Sherwoo l ~il t loam 
Clayton s ilt; loH.n 
Clayton silt lJa a 
Skipto11 silt loa· 




./ . ' 
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5. 5 
1 3. 5 
7 2 




















4 . 5 
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5 6 
4 5. 5 
5 ''0 
4 
Tr u.e.:; 3ray 
jJ l) 
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4 . 5 40 
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ivlei d ~bu:::-11 
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Meikle burn 
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1'engawai s tony sLlt loam5 . 8 5 5 4 . 5 19. 5 Trig M0 
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:lick- test G.nA.l.yses ·aerie 1 out by Dept . of Agriculture, Invermay" 
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APPENDIX 3 
WEIGHT OF PHOSPtlORUS A.ND PHO SPHORUS FRACTIONS IN HORIZONS OF 
SELECTED PROFILES 
(w e ights expressed as Kg/hectare/horizon inch) 
Hori- Th i ck- Pa Pf Po PT Pa as % 
z on . ness Pinorg. 
inches 
~1 . c. 53 Sherwood s ilt loam . 
Al 5 70 Jl 204 305 69 
AB 3 60 51 171 282 54 
8 21 5 82 49 
170 301 63 
822 5 59 38 
84 181 61 
D 6 100 10 59 169 91 
~1 . c . 79 Opuha si l t loa'll (bill soil) 
Al 6 39 20 177 236 66 
Bl 4 26 34 120 180 44 
B2 6 23 18 125 166 56 
BC 6 22 11 53 86 67 
D 2 23 28 49 100 44 
~1 . c . 89 Skipton si l t loam 
Al 8 53 22 155 230 
71 
AB 3 4J 22 132 197 66 
132 5 26 6 
62 94 82 
BJ 4 58 
18 37 llJ 77 
D 4 39 50 61 150 44 
H. C. 28 Kakah...1 si l t l oam 
Al 6 46 7 
169 222 88 
Bl J 32 
20 15'-" 206 62 
82 4 24 
4 116 144 87 
BJ 11 29 
27 124 180 51 
14 24 60 98 37 D 3 
~I . C . 81 Kakahu silt l oam {hill soil) 
Al 9 42 
36 95 173 54 
18 137 194 69 AB 4 39 
99 52 67 218 
65 
82 7 
BC 4 13 5 41 91 
267 77 
338 
1-I. C. 44 Tengawai si lt loam (hill soil) 
Al 10 36 18 174 228 67 
AB 4 16 7 120 143 71 
B2 6 19 18 177 214 52 
D 4 JO 35 88 153 46 
M. C. 72 Tengawai stony silt loam (hill s oi l) 
Al 6 33 18 lOJ 154 65 
Bl 6 36 44 153 2J3 45 
B2 6 43 40 141 224 52 
BS 6 45 58 195 298 44 
H.C . 85 Tengawa i sto n y si l t loam (hill soil) 
Al 6 95 35 164 294 73 
AB 3 58 lJ 185 256 8'2 
82 7 42 68 247 357 38 
BC 8 51 126 142 Jl9 29 
~I . C. 64 Lookout stony si l t loam (steepland soil) 
Al 8 4J 35 176 254 56 
AB J J4 16 166 216 67 
BC 6 48 28 1J 5 2J1 63 
uB 6 65 4o 144 249 62 
uBC 8 101 29 126 256 78 
M. C. 69 Puketeraki stony silt loam ( steepland soi l ) 
Al 6 JJ 58 93 184 36 
AB 4 27 4J 132 202 38 
(B) 4 16 21 126 16J 42 
BS 10 18 6 114 1J8 74 
}l . c . 84 Puketeraki silt l oam (hill soil) 
AB 2.l 2 66 JO 160 256 69 
( B) 4!. 14 J6 85 1J5 28 2 
u13 7 18 JO 87 135 J7 
uBC 2 120 55 78 25J 68 
1. Texture: 
gravel 




very fine sand 
loamy coarse sand 
loamy sand 
loamy fine sand 
sandy loam 
f~ne sandy loam 
very fine sandy loam 
gravelly sandy loam 
loam 
gra" e lly loam 
2 . Consistence: 
Wet Soil -
non--sticky 























































silty clay loam 
sandy clay loam 
f ine sandy clay loam 
coarse sandy clay loam 































































Example: moderately to strongly developed medium and fine subangular 






!1 - 3/eq. inch or about 6.5 sq. cm.) 4 - 14/sq. inch) more than 14/sq . inch) 1P 2P 3P 
Patchy clayakins on few peds and in some pores 1C 
Discontinuous clayskins on some peds and in many pores 2C 
Almost continuous clayakins on moat pede and in moat pores 30 
6. Mottles: Rootsi Channels: Casts; Nests; 
Abundance - Contrast -
few f faint t 
many m distinct d 






Example: few medium prominent strong brown mottles = f2p7.5YR5/6. 
7. Horizon boundaries: 
Sharp sh Irregular ir 




Field No. Rain.fall Location Veg etation - Pas t Cul. /Uncul . /V"i. r. 
lab . No . Gr i d Ref. County P r esent Topdr./TJntopdr . 
I.andf orm Elevation Slope As pt . Jrainage F:ros j on Parent ~aterjal/rock 
Te rn Class 
Hor i z ons Sample Roots 'R ). Casts Glayskins Tdent ifiabJe 
~epth 
Col our Texture ';ons ist - Structure (Cts' , •::l:a!'lnels & Fores f.'inerals r.rot t les Stones & Foun:lnr~r 
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Surveyor Date Classification 
